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The identification of alternative protein sources for partial or whole replacement 
of fishmeal (FM) is a priority in the development of suitable, low cost feed formulations 
for the Florida pompano (Trachinotus carolinus).  To evaluate alternative feed 
ingredients for the potential replacement of FM in diets fed to juvenile pompano, a series 
of four experiments were conducted. 
The objectives of Experiments 1 and 2 were to determine the apparent 
digestibility of crude protein (ADCP), energy (ADE), and apparent amino acid 
availability (AAAA) of three plant based ingredients (soybean meal (SBM), soy protein 
isolate (SPI), corn gluten meal (CGM)) and three by-product based ingredients (distillers’ 
dried grains (DDG), meat and bone meal (MBM), poultry by-product meal (PBM)) fed to 
juvenile pompano held at 3 g/L and 28 g/L salinity.  The objectives of Experiments 3 and 
4 were to determine the maximum substitution of SBM or SPI in partial or whole 
replacement for FM protein in diets fed to juvenile Florida pompano held at 3 g/L 
salinity.   
For Experiments 1 and 2 a menhaden meal based formulation served as the 
reference (REF) diet.  The experimental diets each consisted of 70% REF diet and 30% 
substituted ingredient.  Apparent digestibility was determined with the use of yttrium 
oxide (0.5%) as an inert marker.  Pompano were fed 5%BW/day and fecal samples were 
collected twice a week for 4 weeks.  The ADCP for SBM and SPI was significantly 
higher (>90%) than CGM (82%) at 3 g/L salinity.  The ADE was highest for SPI (93%), 
while SBM and CGM were significantly lower (71% - 77%) at 3 g/L salinity.  No 
significant differences were detected among the test ingredients DDG, MBM, or PBM 
and ADCP values ranged from 54% - 72% in the 3 g/L system.  The ADE values for 
DDG, MBM, and PBM ranged from 64% - 76% at 3 g/L salinity.   
The diets for Experiments 3 and 4 were all formulated to be isonitrogenous (44% 
crude protein) and isoenergetic (22 MJ/kg gross energy).  Diets with 20% - 100% 
replacement represented the percentage of FM substituted by SBM or SPI.  Diet 1 with 
0% replacement served as the REF diet.  Juvenile pompano (2.5g) were fed 5 - 
7%BW/day and batch weighed biweekly for 8 weeks.  At the end of the trial fish were 
weighed and 10 fish were randomly selected for whole body proximate analysis.  With 
respect to performance, nutrient retention, efficiency, and survival no significant 
differences were detected among fish fed the REF diet from those fed up to and including 
80% FM replacement with SBM.  With respect to the aforementioned parameters no 
significant differences were detected among fish fed the REF diet from those fed up to 
40% FM replacement with SPI. 
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INTRODUCTION 
 
The Florida pompano (Trachinotus carolinus) has long been considered a 
potential species for aquaculture.  Its consistently high market value and favorable rating 
among consumers continues to attract interest in the commercial farming of this species.  
Early failures of pompano culture are often attributed to a poor understanding of 
pompano biology coupled with equally poor fish management practices (Cuevas 1978).  
Additionally, a lack of information regarding the nutritional requirements and 
digestibility of feedstuffs for pompano can more fully explain the poor growth, survival, 
and food conversion associated with those early attempts (Cuevas 1978; Craig 2002; 
Heilman and Spieler 1999; Watanabe 1995). 
Biology of Florida Pompano 
 
Florida pompano (Class Osteichthyes, Order Perciformes) are a highly prized, 
warm water species found in waters near Cape Cod, Massachusetts to southeast Brazil 
(Allen and Avault 1970; Gilbert 1986). A member of the Family Carangidae (Jacks), 
pompano are especially common along the coast of Florida where they support an 
important commercial and recreational fishery (Watanabe 1995).  Two other species,  
T. falcatus (permit) and T. goodei (palometa) are similar to the pompano and are found in 
the coastal waters of the western Atlantic, Gulf of Mexico and Caribbean  
(Watanabe 1995).   
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Pompano are grayish blue on the dorsal region and silvery on either side  
(Figure A1).  The ventral region of the body is yellowish from the bottom of the jaw to 
the anal fin.  Pompano have a compressed body with the head profile sloping into a blunt 
snout.  The small conical teeth along the jaws and large, well-developed pharangeal 
plates of pompano enable the crushing of shellfish (Bellinger and Avault 1971; Gilbert 
1986).  Pompano can reach 3.4 kg in size and have a well-defined stomach (Gilbert 
1986).  Pompano are considered to be continuous spawners and have been induced to 
spawn in captivity (Weirich and Riley 2007).  This is a highly desirable feature in 
aquaculture as it allows for the controlled production of larvae, seedstock and eggs for 
year-round grow-out (Craig 2002). 
Juvenile pompano are opportunistic feeders that become more selective as adults 
(Bellinger and Avault 1971).  A myriad of organisms have been found in the stomachs of 
pompano including: crustaceans, molluscs, gastropod larvae, amphipods, and crab larvae 
(Bellinger and Avault 1971; Chervinski and Zorn 1977).  Copepods, isopods, invertebrate 
eggs, barnacles, and polychaetes have also been found in the gut of pompano (Fields 
1962; Armitage and Alevizon 1980).  The large variation in the pompano diet may be a 
reason for their general acceptability of artificial feeds (Cuevas 1978).   
The temperature and salinity preferences for adult pompano appear to be between 
28 to 32˚C and 28 to 37 g/L yet it is widely known that juvenile pompano can tolerate a 
greater range in salinity (Watanabe 1995).  Kumpf (1972) found juvenile pompano able 
to tolerate saline conditions as low as 2 to 3 g/L and as high as 44 to 45 g/L.  Pompano 
will show signs of stress at dissolved oxygen levels at or below 3 ppm and have a pH 
tolerance between 5 and 11 (Iversen and Berry 1969; Moe et al. 1968 in Watanabe 1995).  
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Weirich and Riche (2006) investigated the tolerance of juvenile pompano (weight 8g) to 
elevated levels of ammonia and nitrite under three separate salinities (6.3, 12.5, and 25.0 
g/L).   In a 24, 48, and 96h exposure study, salinity did not affect pompano tolerance to 
ammonia levels and the mean LC50 levels ranged from 1.05 to 1.12 mg NH3/ L, 1.00 to 
1.08 mg NH3/ L, and 0.95 to 1.01 mg NH3/ L for the 24, 48, and 96h exposure times 
(28˚C; pH= 8.2 - 8.4).  The pompano appeared to show less tolerance for nitrite when 
held at 6.3 g/L than at 12.5 g/L or 25 g/L salinity (Weirich and Riche 2006).   
Previous Pompano Research 
 
This section is not intended to be an exhaustive review of previous pompano 
research.  Cuevas (1978) and Watanabe (1995) provide a more detailed summary of 
previous work. 
In describing the culture projects for various Trachinotus sp. underway in 
Martinique, Venezuela, and Miami, Jory et al. (1985) suggested that poor feed conversion 
was the most important barrier to successful production.  The fish in these studies were 
fed a variety of items including: commercial trout and seabass diets, sardines, anchovies, 
and fish scraps.  The possibility that these earlier diets did not fully meet the nutritional 
requirements of pompano led them to conclude that knowledge of those nutritional 
requirements was of top priority for successful pompano culture (Jory et al. 1985).   
In a study to determine growth, mortality and efficiency of T. carolinus, wild-
caught juvenile pompano (initial wt. 4.0g) were stocked into suspended cages at a density 
of 654 fish per cubic meter and weighed every 2 to 3 weeks (Tatum 1972).   The fish 
were fed either ground fish (70% by weight) mixed with soybean meal (SBM; 30% by 
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weight) or a commercial trout diet at 10% body weight/ day with an automatic feeder.  
The results of the study indicated that the trout diet performed better than the ground fish/ 
SBM mix in terms of weight gain (66.2g versus 19.7g) and mortality (60.5% versus 
94%).  The overall feed conversion ratio (FCR; dry feed fed/ wet weight gain) for the 
trout diet was 3.47.  The FCR for the ground fish/ SBM mix was negative as the total 
weight of the fish at the end of the experiment was less than the initial weight due to the 
high mortality.  Although the trout diet out-performed the ground fish/ SBM mix in this 
study, Tatum (1972) acknowledged that a diet better utilized by pompano would have 
been preferable.   
To investigate the value of menhaden oil on weight gain (WG) and FCR, a 42% 
crude protein (CP) diet supplemented with 0%, 4%, 8%, and 12% lipid was fed to wild-
caught pompano (initial wt. 0.5g) for 48 days (Williams et al. 1985).  The WG (3.8g and 
4.1g) was higher for fish fed those diets containing 4% and 8% lipid than for those fed 
the 0% and 12% lipid diets (1.2 g and 3.3 g, respectively).  No significant differences 
were detected among the FCR for the 4%, 8%, or 12% fish oil diets.  Survival was 
significantly lower (37%) for fish fed the 0% lipid diet compared to 98% survival for all 
other diets.  It was suggested that fish fed the 12% lipid diet met their energy requirement 
and consumed less thereby leading to the reduced WG observed in the 12% lipid diet.  
Williams et al. (1985) concluded that those diets with a digestible energy (DE)/ digestible 
protein (DP) ratio between 7.4 and 8.1 kcal/g (4% to 8% fish oil, respectively) was 
optimal for juvenile pompano cultured under similar experimental conditions (28ºC; 32 
g/L). 
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In a 7-week study to evaluate the effects of dietary protein level on growth, feed 
utilization, and survival, in Florida pompano juveniles (initial wt. 4.5g) Lazo et al. (1998) 
reported excellent survival (100%) in fish fed the experimental diets with 30% to 45% 
CP.  The diets were formulated to be isoenergetic with 8% lipid, corresponding to            
4 kcal/g of protein based on estimated physiological fuel values (4 kcal/g protein and 
carbohydrate sources; 9 kcal/g lipid sources).  Growth and feed efficiency (FE; wet 
weight gain/ dry feed fed) increased with dietary protein level and were highest with fish 
fed 45% CP.  While it was concluded from the study that juvenile pompano have a CP 
requirement no less than 45% for maximum growth and FE, this was the highest percent 
CP tested (Lazo et al. 1998).  The high metabolic demand and/ or poor digestibility of the 
experimental diets may account for the relatively poor feed efficiency (0.3 - 0.5) reported 
in the study (Lazo et al. 1998).  Additionally the DE and DP values reported in the study 
were not experimentally determined.  In particular, the digestible energy (DE) in the diets 
may have been insufficient to support the relatively high metabolic and growth demands 
of pompano (Riche 2008, in press). 
A recent 10-week trial was conducted to determine the optimal DP/ DE ratio and 
minimum DP level for maximal growth and nitrogen retention in juvenile pompano 
(initial wt. 6.3g) held in recirculating aquaculture systems (30 g/L salinity; Riche 2008, in 
press).  The estimated DP/ DE ratios of the twelve experimental diets ranged from 19 to 
27 mg/kJ.  The study reported an optimal DP/ DE ratio of 24 mg/kJ and a minimum DP 
level of 360 g/kg dry matter for maximum growth and nitrogen retention (Riche 2008, in 
press).   
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Weirich et al. (2006) found significantly higher mean final weight for juvenile 
Florida pompano (initial wt. 17g) fed 2, 3, or 6 times a day compared to those fed only 
once daily.  In a separate growth trial the mean final WG of juvenile pompano fed two 
times a day to apparent satiation were significantly larger than those fed a fixed ration 
twice daily.  The feed rate and frequency of feedings had no effect on feed conversion 
efficiency or body composition (Groat 2002; Weirich et al. 2006). 
Importance of Nutrition for Successful Pompano Aquaculture 
 
Florida pompano possess several qualities that make them an attractive species for 
aquaculture.  Pompano are a highly prized, valuable food fish that bring in one of the 
highest prices per pound ($3.5 - $5.5 per lb round wt.) of any marine finfish in the United 
States (McMaster et al. 2003).  In a consumer study, Iversen and Berry (1969) found 
pompano to rate highest in texture, flavor, appearance, and aroma.  Research has shown 
the Florida pompano to be extremely resilient, tolerating a range of saline and dissolved 
oxygen levels (Allen and Avault 1970; Gilbert 1986; Jory et al. 1985; Kumpf 1972; 
Watanabe 1995).  The Florida pompano is also known for its relatively fast growth, 
acceptance of pelleted diets, and its ability to spawn in captivity (Cuevas 1978; Jory et al. 
1985; Lazo et al. 1998).  Arguably, a major constraint to the economically viable and 
environmentally sustainable culture of this species is nutritionally based.  The low growth 
rates, low survival, and high feed conversion cited in much of the aforementioned works 
all relate to a lack of knowledge surrounding the nutritional requirements of pompano 
(Craig 2002; Heilman and Spieler 1999; Lazo et al. 1998).  
All fish require a balance of protein, lipid, energy, vitamins and minerals for 
maintenance, reproduction, and growth (NRC, 1993).  A diet deficient in any one of these 
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components can lead to poor health, reduced weight gain, and depending on the duration 
and severity of the deficiency, death to the cultured species.  In closed, recirculating 
aquaculture systems it is important that diets are nutritionally balanced for the cultured 
species as the only food source comes from the diet being fed.  Diets that are nutritionally 
imbalanced or otherwise indigestible by the cultured fish are not fully utilized and 
represent losses to the culturist in the form of lower feed efficiency and large amounts of 
fecal and nitrogenous wastes (Baruah et al. 2007; Cho and Bureau 2001).  Such losses 
equate to longer production cycles and an overall increase in the cost of production.  
Poorly utilized diets also have negative impacts on the environment as uneaten feed 
increases the nutrient component of effluent water from aquaculture systems (Cho and 
Bureau 1997; Hardy 1999).  Specially formulated diets meeting the nutritional 
requirements of pompano have yet to be developed.  Such diets would likely improve 
feed conversion and nutrient utilization in pompano, thereby making the commercial 
culture of this species more profitable (Cole et al. 1997; Lazo et al. 1998; Tatum 1972; 
Watanabe 1995; Williams et al. 1985).   
Fishmeal (FM) is the most commonly utilized protein source in aquaculture feeds.  
It is typically rendered from pelagic fishes such as menhaden, anchovy, and herring.  
Fishmeal is readily digested by many fish species and has an amino acid profile that 
meets the requirements of most fish.  However, recent concerns regarding the 
sustainability of commercial fisheries, fluctuating costs and the potential concentration of 
harmful contaminants in FM has prompted much research in evaluating alternative feed 
ingredients to replace FM.  In order for a feed ingredient to be a potential candidate for 
aquaculture diets it must have wide availability, a competitive price, and demonstrate 
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ease in handling, shipping, storage and use in feed production (Gatlin et al. 2007; 
Glencross et al. 2007).  From a nutritional standpoint it should also be low in fiber, 
starch, and anti-nutritional factors (ANF) as these components lower the nutritional value 
of feed ingredients.  High protein content, favorable amino acid profile, high digestibility, 
and palatability are also ideal in a potential feed ingredient (Gatlin et al. 2007; Glencross 
et al. 2007).   
The interest in rearing Florida pompano in low saline, inland waters comes from a 
desire to reduce some of the environmental, legal, and economic factors that continue to 
constrain coastal marine finfish aquaculture development in the U.S. (NRC, 1993).  The 
technical feasibility of rearing Florida pompano for monoculture or polyculture systems 
has been previously demonstrated (Tatum and Trimble 1978) and juvenile pompano have 
been successfully stocked into waters with salinities ranging from 1 - 3.5 g/L (Allen and 
Avault 1970).  It has been hypothesized that salinity may effect the osmotic environment 
in the intestine of fish, hence, affecting the nutrient digestibility of the diet being fed 
(Storebakken et al. 1998).  Others have suggested that fish species adapted to reduced 
salinities might have a lower metabolic requirement that would result in increased growth 
due to the reduced amount of energy required for osmoregulation (Febry and Lutz 1987).  
The effect of salinity on digestibility and/ or growth responses has been investigated for 
several species including black sea bream, Acanthopagrus butcheri, rainbow trout, 
Oncorhynchus mykiss, red drum, Sciaenops ocellatus, and sea bream, Sparus sarba 
(Partridge and Jenkins 2002; Storebakken et al. 1998; Forsberg and Neill 1997; Woo and 
Kelly 1995).  Studies to determine the effects of low salinity on nutrient digestibility and 
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subsequent growth and nutrient utilization have remained largely unexplored for Florida 
pompano. 
In order for the culture of Florida pompano to be commercially profitable, 
specially formulated and nutritionally balanced, diets must be developed.  These diets 
must not only be nutritionally complete but biologically available, growth-promoting, and 
cost-effective.   
The objectives for Experiments 1 and 2 were to determine the apparent nutrient 
digestibility and apparent amino acid availability of six feed ingredients fed to juvenile 
Florida pompano held at 3 g/L and 28 g/L salinity.  The tested ingredients were: soybean 
meal (SBM), soy protein isolate (SPI), corn gluten meal (CGM), distillers dried grains 
(DDG), meat and bone meal (MBM), and poultry by-product meal (PBM).  The 
objectives of Experiments 3 and 4 were to determine the maximum substitution of SBM 
or SPI in partial or whole replacement for FM in diets fed to juvenile Florida pompano 
held at 3 g/L salinity.  Whole body composition, performance, nutrient utilization, and 
efficiency were also evaluated.   
The information from these experiments will aid researchers and feed 
manufacturers in the formulation of nutritionally balanced, biologically available diets for 
Florida pompano and other related species.  The apparent nutrient digestibility and 
nutrient utilization information with respect to low saline conditions will aid in 
quantifying the potential for commercial pompano culture in low saline inland waters. 
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HYPOTHESIS STATEMENTS 
 
Experiment 1:  Evaluation of Plant Protein Feed Ingredients 
 
 
Fishmeal (FM) possesses several nutritional attributes that make it an ideal source 
of protein in aquafeeds.  Fishmeal has a high protein content ranging from 51- 72% 
depending on the source (NRC 1993).  It is also known to have high nutrient digestibility, 
an excellent amino acid profile, and an overall lack of anti-nutrients (Gatlin et al. 2007).  
The wide availability and relatively low cost made FM a highly attractive protein source.  
Yet recent concerns about the increased cost of FM, the sustainability of the fishery 
industry and the potential for contaminants to be present in FM has prompted the 
evaluation of alternative feed ingredients as replacements for dietary FM protein (NRC 
1993; Hardy 1999; Francis et al. 2001; Gatlin et al. 2007; Glencross et al. 2007).   
Soybean meal is a plant based feed ingredient commonly utilized as a protein 
source in aquafeeds.  Its amino acid profile meets most of the indispensable amino acid 
(IAA) requirements for fish and the CP content ranges from 44% - 49% (NRC 1993).  
Soybean meal is relatively high in cystine (Cys) though lysine (Lys), methionine (Met), 
and threonine (Thr) may be limiting in some SBM based diets (Gatlin et al. 2007).  Anti-
nutritional factors (ANF) such as trypsin inhibitors and phytic acid are known to be 
present in SBM which can limit its overall digestibility (Hardy and Barrows 2002).  Corn 
gluten meal (CGM) is derived from corn grains and considered a by-product of starch 
production (Hardy and Barrows 2002).  Widely used in aquafeeds for salmon, European 
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sea bass, Dicentrarchus labrax, and gilthead seabream, Sparus aurata, CGM is high in 
CP content (60% - 61%) but deficient in Lys (NRC 1993; Gatlin et al. 2007). 
Plant-based feed ingredients such as SBM, SPI, and CGM have been substituted 
in digestibility studies with rainbow trout, O. mykiss (Cheng and Hardy 2003; Glencross 
et al. 2005; Gomes et al. 1995; Kaushik et al. 1995), American lobster, Homarus 
americanus (Floreto et al. 2000), red drum, S. ocellatus (Gaylord and Gatlin 1996; 
McGoogan and Reigh 1996), gilthead seabream, Sparus  aurata (Lupatsch et al. 1997), 
Atlantic salmon, Salmo salar (Krogdahl et al. 2003; Refstie et al. 1998), and tilapia, 
Oreochromis niloticus (Riche et al. 2001).   
The digestibility of plant based feed ingredients are known to vary by species 
(Glencross et al 2004; Riche et al. 2001) therefore the apparent nutrient digestibility of 
SBM, SPI, and CGM by Florida pompano must be determined.  The Florida pompano 
demonstrates a relatively high tolerance to low saline environments making it an 
attractive species for inland recirculating aquaculture systems.  Currently, there is little 
information on the nutrient digestibility of feed ingredients by pompano under low saline 
conditions.   
The objective of this study was to determine the apparent nutrient digestibility and 
apparent amino acid availability (AAAA) of SBM, SPI, and CGM for juvenile pompano 
under two saline conditions.  Identifying those alternative protein sources for partial or 
whole replacement of FM is a priority in the development of suitable low cost feed 
formulations for the Florida pompano.   
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Ho:  Plant based feed ingredients such as soybean meal, soy protein isolate, and corn 
gluten meal will show no difference among one another with respect to apparent nutrient 
digestibility.  Low salinity will have no effect on dietary protein and energy digestibility 
among the tested ingredients.  Further, the apparent availability of amino acids will be 
unaffected by low saline conditions and show no difference among the plant based test 
ingredients for juvenile pompano. 
 
 
Experiment 2:  Evaluation of By-product Protein Feed Ingredients  
 
By-products are derived from the processing and rendering of plants or animals.  
Distillers’ dried grains are made from the leftover material following beer and liquor 
production and are the co-product of ethanol production (Hardy and Barrows 2002; 
Gatlin et al. 2007).  The chemical composition of DDG is influenced by the raw materials 
used, processing procedure, and the type of equipment used in the distillation process 
(Hertrampf and Piedad-Pascual 2000).  The protein content typically ranges from 26% - 
28% and crude fiber ranges from 9% - 11% (Hardy and Barrows 2002).  Meat and bone 
meal (MBM) is rendered from dried mammalian tissues and is exclusive of hair, hooves, 
horn, hide trimmings, manure, and stomach trimmings (Hardy and Barrows 2002).  The 
chemical composition of MBM tends to vary depending of the quality of raw material 
used (Hertrampf and Piedad-Pascual 2000).  Considered a high protein feed ingredient, 
MBM contains 50% - 51% CP and is a relatively good source of the amino acid, Lys but 
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limiting in Met (NRC 1993; Hardy and Barrows 2002).  High calcium (8% -12%) and ash 
(31%) were also found in MBM (NRC 1993).  Poultry by-product meal (PBM) is 
rendered from the waste generated from poultry processing facilities and is exclusive of 
feathers and gizzard/ intestine contents (Hardy and Barrows 2002).  The percent CP for 
PBM ranges from 58% - 60% and ash content is required to be less than 16% (NRC 
1993; Hardy and Barrows 2002).  These and other by-product based feed ingredients 
provide relatively high protein, low-cost alternatives to FM.   
By-product feed ingredients have successfully replaced dietary FM protein in 
diets fed to several species including African catfish, Clarias gariepinus (Goda et al. 
2007), Coho salmon, Oncorhynchus kisutch (Sugiura et al. 1998), rainbow trout, O. 
mykiss (Sugiura et al. 1998), gilthead seabream, S. aurata (Nengas et al. 1999), red drum, 
S. ocellatus (Gaylord and Gatlin 1996; McGoogan and Reigh 1996), tilapia, O. niloticus 
(El-Sayed 1998), grouper, Epinephelus coioides (Millamena 2002), and gibel carp, 
Carassius auratus gibelio (Yang et al. 2004).   
By-product feed ingredients are highly varied with respect to protein, energy, and 
amino acid content and this variability almost certainly affects the nutrient digestibility 
from one species to another.  No conclusive information exists regarding the ability of 
juvenile pompano to successfully digest such feed ingredients.  Therefore it is necessary 
to determine the nutrient digestibility of DDG, MBM, and PBM for pompano in order to 
determine their potential as alternative feed ingredients for FM.  As previously 
mentioned, the Florida pompano demonstrate a high tolerance to low saline environments 
making it a potential species for inland aquaculture.  Currently, there exists little 
information on the nutrient digestibility of by-product feed ingredients by juvenile 
 14
pompano under low saline conditions.  Such information will aid in the development of 
least-cost feed formulations for this species.   
 
Ho: By-product based feed ingredients such as distillers’ dried grains, meat and bone 
meal, and poultry by-product meal will show no difference among one another with 
respect to apparent nutrient digestibility.  A low saline environment will have no effect on 
dietary protein and energy digestibility among the tested ingredients.  Additionally, the 
apparent availability of amino acids will be unaffected by low salinity and show no 
difference among the by-product based test ingredients for juvenile Florida pompano.  
 
Experiment 3:  Soybean Meal Substitution for Dietary Fishmeal  
 
Soybean meal is one of the most common feed ingredients used to replace FM as 
a dietary protein source (Gatlin et al. 2007).  From a nutritional standpoint, SBM 
possesses ideal characteristics (high protein content, favorable amino acid profile) that 
promote its inclusion in aquafeeds.   
Studies to evaluate the performance and/or nutrient utilization response from 
increased inclusion levels of SBM have been previously investigated for African catfish, 
C. gariepinus (Goda et al. 2007), American lobster, H. americanus (Floreto et al. 2000), 
Atlantic cod, Gadus morhua (Albrektsen et al. 2006), Atlantic salmon, S. salar (Krogdahl 
et al. 2003; Refstie et al. 1998; Storebakken et al. 1998), channel catfish, Ictalurus 
punctatus (Twibell and Wilson 2004), European seabass, Dicentrarchus labrax (Kaushik 
et al. 2004), gilthead seabream, S. aurata (Venou et al. 2006), rainbow trout, O. mykiss 
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(Gomes et al. 1995), red seabream, Pagrus major (Biswas et al. 2007), sharpsnout 
seabream, Diplodus puntazzo (Hernandez et al. 2007) and silver perch, Bidyanus 
bidyanus (Allan and Booth 2004; Booth and Allan 2003).   
Diets that were formulated to contain SBM have been previously fed to pompano 
(Lazo et al. 1998; Tatum 1972) though no study has determined the performance 
response with increasing levels of SBM replacing dietary FM protein in low salinity, 
recirculating systems. Moreover, the maximum replacement of SBM for dietary FM 
tolerated by juvenile pompano has not been previously determined.  Therefore, the 
objective of this study was to determine the maximum substitution of SBM in partial or 
whole replacement for FM under low salinity conditions.   
 
Ho:  The increased substitution levels of SBM replacing FM will have no effect on 
performance or nutrient utilization responses for juvenile Florida pompano held under 
low salinity conditions.   
 
Experiment 4:  Soy Protein Isolate Substitution for Dietary Fishmeal  
 
Soy based feed ingredients are regarded as economical and nutritious feedstuffs in 
aquaculture feeds (Gatlin et al. 2007).  With a high protein content and good amino acid 
profile, SPI has been regarded favorably as a potential feed ingredient for replacing the 
FM protein in aquafeeds.  More refined (protein concentrated) than SBM, SPI provides a 
protein-rich alternative to FM.  Studies with soy protein concentrates and isolates are 
somewhat limited as the processing costs are not yet economically feasible for large scale 
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commercial application (Gatlin et al. 2007). The increased substitution by SPI for dietary 
FM protein has not been previously evaluated in diets fed to juvenile pompano.  Further, 
the effects of increasing SPI levels on performance and/or nutrient utilization responses 
under low salinity conditions has not been previously determined.     
The objective of this study was to determine the maximum substitution of SPI in 
partial or whole replacement for FM under low saline conditions.   
 
Ho:  The increased substitution levels of SPI replacing dietary FM protein will have no 
effect on performance or nutrient utilization responses for juvenile Florida pompano held 
under low salinity conditions.   
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MATERIALS AND METHODS 
 
Experiment 1:  Evaluation of Plant Protein Feed Ingredients 
 
Experimental Fish and Water Quality 
 
Florida pompano broodstock were spawned in the USDA, Agricultural Research 
Service’s Center for Reproduction and Larviculture (ARS-CRL) at Harbor Branch 
Oceanographic Institute at Florida Atlantic University, Fort Pierce, Florida, USA.  Post-
larval juveniles were reared in the ARS-CRL facility and held in 8 cubic meter rearing 
tanks (temperature 28°C; 7 g/L salinity).  Fish were fed a 55% CP, 14% crude lipid (CL) 
commercial diet (EPAC-CW or IDL-CW, INVE Americas, Salt Lake City, Utah, USA) 
until an average fish weight of 3g was attained.  Approximately 220 pompano were 
randomly selected and transferred to the USDA Feed Utilization and Nutrition 
Laboratory (FUNL).  Pompano juveniles were placed into 1,100-L tanks at a temperature 
of 28˚C and 32 g/L salinity.  Fish were fed a commercial trout diet (Silver Cup, Nelson & 
Sons, Inc., Murray, Utah, USA; 45% CP, 16% CL) once daily to apparent satiation prior 
to the beginning of the experiment. 
The fresh water supply (1 g/L salinity) was pumped from an underground well 
and salt water was drawn from the Indian River Lagoon (32 g/L salinity).  The two 
recirculating systems (two, 3,000-L) used in this experiment were equipped with sand, 
bead, and carbon filtration (Figure A2).  Water sources were ozone-treated and sterilized 
with ultraviolet radiation (Clearwater Systems LLC, San Luis Obispo, California and 
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Emperor Aquatics Inc., Pottstown, Pennsylvania, USA, respectively) before entry into 
systems.     
Water temperature, salinity, and dissolved oxygen (DO) were measured daily for 
each system.  Water temperature averaged 28˚C and DO was 4 mg/L to 5 mg/L.  Water 
samples were collected weekly to measure total ammonia-nitrogen (TAN) and nitrite 
levels.  Total ammonia-nitrogen and nitrite-nitrogen were evaluated using a HACH® test 
kit and DR/890 colorimeter (HACH Co., Loveland, Colorado, USA) and following 
procedures outlined in the HACH manual.  The pH was also measured weekly with an 
Accumet AR25 pH meter (Fisher Scientific, Suwanee, Georgia, USA).  Fish were 
maintained under a natural light cycle approximating 13h light and 11h dark.   
Feed Formulation  
 
Four diets were prepared for this experiment.  A complete and balanced 
menhaden meal-based formulation that met the known protein and energy requirements 
for pompano served as the reference (REF) diet for each experiment (Riche, personal 
comm.)  The plant-based test ingredients included: SBM (Rangen, Inc., Buhl, Idaho, 
USA), SPI (Archer Daniels Midland, Decatur, Illinois, USA), and CGM (Rangen, Inc., 
Buhl, Idaho, USA).  The analyzed composition of the test ingredients are presented in 
Table 1.   
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Table 1.  Analyzed composition of the test ingredients used in the plant protein 
digestibility experiment with juvenile Florida pompano (mean initial weight 50g and 
70g).  Values are presented on a dry matter basis in g/100g. 
 
 
  SBM SPI CGM 
Dry Matter 89.4 91.5 91.7 
Gross Energy (MJ/kg) 17.4 20.9 20.9 
Crude Protein 47.4 88.5 65.3 
Crude Lipid 1.1 0.2 2.2 
Ash 5.7 3.9 2.6 
Fiber 3.3 0.2 0.8 
NFE* 31.9 0.0 20.8 
  
Amino Acids  
Alanine 2.2 5.2 6.7 
Arginine 3.5 6.0 2.1 
Aspartic Acid 5.9 11.2 4.3 
Cysteine 1.0 0.8 2.2 
Glutamic Acid 10.0 16.2 17.0 
Glycine 2.2 3.9 1.9 
Histidine 1.4 1.7 2.0 
Isoleucine 2.0 4.2 2.4 
Leucine 4.0 7.5 8.5 
Lysine 3.1 5.4 1.0 
Methionine 1.0 1.1 2.4 
Phenylalanine 2.6 4.7 4.6 
Proline 2.6 4.5 5.5 
Serine 2.8 5.1 4.1 
Threonine 2.0 3.5 2.4 
Tyrosine 1.8 3.2 3.6 
Valine 2.2 4.1 2.9 
Soybean meal (SBM), Soy protein isolate (SPI), Corn gluten meal (CGM) 
*Nitrogen free extract= (100-(moisture + crude protein + crude lipid + ash + fiber)) 
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The experimental diets each consisted of 70% REF diet and 30% substituted test 
ingredient (Table 2).  This follows the diet replacement method outlined by Glencross et 
al. (2007).  All test ingredients were ground via Hammermill (Prater Industries, Inc., 
Chicago, Illinois, USA) to pass through a 250µm screen.  Dry ingredients were combined 
in a Vmixer (Patterson-Kelley, East Stroudsburg, Pennsylvania, USA) and allowed to 
mix for no less than 1h.  Yttrium oxide (Y2O3) was added at 0.5% of the diet and the 
ingredients were re-mixed.  The contents were transferred to a Hobart stand mixer where 
oil and water were added.  The diet was cold extruded through a 5mm die and dried at 
60˚C for 24h.  The pelleted diets were stored at -20˚C until fed.  
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Table 2. Formulation of experimental diets used in pompano (mean initial weight 50g and 
70g) digestibility study of plant based test ingredients.  The ingredients are presented on a 
dry matter basis in g/kg unless otherwise noted.   
 
Ingredient IFN^ REF SBM SPI CGM 
Substitute Ingredient  0.0 300.0 300.0 300.0 
Menhaden meal 5-02-009 338.5 237.0 237.0 237.0 
Solvent-extracted  soybean meal 5-04-612 221.0 154.6 154.6 154.6 
Corn gluten meal 5-28-242 68.0 47.6 47.6 47.6 
Blood meal (spray dried) 5-00-381 30.0 21.0 21.0 21.0 
Fish solubles (dehydrated) 5-01-971 60.0 42.0 42.0 42.0 
Shrimp meal 5-04-226 50.0 35.0 35.0 35.0 
Dextrin 4-08-023 22.0 15.4 15.4 15.4 
Sipernat 50  10.0 7.0 7.0 7.0 
Mineral premix*    15.0 10.5 10.5 10.5 
Vitamin premix**  5.0 3.5 3.5 3.5 
Lecithin  1.0 0.7 0.7 0.7 
Stay C-35  0.5 0.4 0.4 0.4 
Cellulose  15.0 9.0 9.0 9.0 
Carboxymethyl Cellulose 20.0 14.0 14.0 14.0 
Yttrium Oxide  5.0 5.0 5.0 5.0 
Menhaden oil 7-08-049 139.0 97.3 97.3 97.3 
Total  1,000.0 1,000.0 1,000.0 1,000.0 
      
Analyzed composition (dry matter basis; g/ 100g)    
Dry Matter   94.7 88.2 92.6 88.4 
Gross Energy (MJ/kg)  21.0 20.8 21.9 21.7 
Crude Protein  52.3 49.8 62.8 54.2 
Ash   13.9 13.1 13.8 13.3 
Reference (REF), Solvent-extracted soybean meal (SBM), Soy protein isolate (SPI), corn gluten meal 
(CGM) 
^International Feed Number (IFN; NRC 1982);  IFN for SPI unavailable 
*Mineral premix (per kg premix):  CaHPO4 (Ca, 103g; P, 80g); CaSO4·2H2O, 23g; KH2PO4, 45g; 
MgSO4·7H2O, 8g; MnSO4·H2O, 0.65g; FeSO4·7H2O, 3.2g; ZnSO4·7H2O, 0.68g; CuCl2·2H2O, 0.38g; 
CoCl2·6H2O, 5mg; KI, 77mg; KF, 80mg; Na2MoO4·2H2O, 20mg; Na2SeO3, 5mg 
**Vitamin premix for Warmwater fish (DSM Nutritional Products, Inc Parsippany, New Jersey; per kg 
premix): Vitamin A 3527360 IU; Vitamin D3 793.656 IU; Vitamin E 44.092 IU; Vitamin B12 4.4 mg; 
Riboflavin 5732 mg; Niacin 35.274 mg; Pantothenic Acid 14.109 mg; Choline-Cl 176.368 mg; Vitamin 
K 794 mg; Folic Acid 1764 mg; Vitamin B6 4409 mg; Thiamine 3968 mg; d-Biotin 55mg 
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Experimental Design 
 
To evaluate the three test ingredients and reference diet at two salinity levels, 2 
concurrent 4X4 Latin squares were utilized.  Each of the two systems (3 g/L and 28 g/L 
salinity) consisted of one row of four, 60-L tanks (Figure A2).  All tanks were 
individually aerated via airstones and the flow rate to each tank was 3 L/min.   To reduce 
size variability, fish were hand-graded prior to stocking.  In the 3 g/L system, 15 juvenile 
pompano with a mean weight of 70g were randomly selected, batch weighed and 
transferred to a tank.  In the 28 g/L system, 20 pompano with a mean weight of 50g were 
used.  For a period of one week, fish were acclimated to the experimental tanks and 
salinities before the initiation of the experiment.  Experimental diets were assigned to 
each tank and fed for 7 days before being rotated (Table A1).  Pompano were hand-fed 
4.7% body weight (BW)/ day divided between a morning and afternoon feeding.  On Day 
5 and 7 of feeding each week, fecal samples were collected approximately 3h after the 
morning feeding (Williams et al. 1995; Riche 2008 in press).  Gentle massage to the 
lower portion of the gastrointestinal tract induced the release of fecal matter from fish.  
To minimize stress, fish were anesthetized with 75 mg/L tricaine methanesulfonate (MS-
222, Western Chemical, Inc. Ferndale, Washington, USA) before fecal samples were 
collected.  
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Following fecal collection, fish were resuscitated and returned to their original tanks.  
The fecal samples from each fish within a tank collected on Day 5 and 7 were pooled so 
that each tank provided one sample per week.  The diets were reassigned to different 
tanks and the procedures were repeated until each of the 4 tanks in the system received 
each of the diets once, thereby meeting the criterion for a Latin square design.  In this 
manner 4 replicates of each diet were attained.  Samples were kept at -80°C before freeze 
drying for 48h and subsequent analysis. 
Proximate Analysis 
 
The test ingredients, experimental diets, and pooled fecal samples were analyzed 
for CP, GE, and ash.  Dry matter (DM) was determined for test ingredients and 
experimental diets.  All proximate assays were performed in duplicate.  Nitrogen (N) 
values were determined by combustion (TruSpec N-elemental analyzer, LECO Corp., St. 
Joseph, Michigan, USA).  Percent CP was calculated as N×6.25 (AOAC, 2002).  The GE 
was determined by adiabatic bomb calorimetry (Parr 1266, Parr Instruments Co., Moline, 
Illinois, USA).  Ash was determined by drying samples at 600˚C for 2h (AOAC, 2002).  
For DM, the test ingredient and experimental diet samples were weighed and dried to a 
constant weight (105°C, 5h).  The moisture content (the difference in weight of wet to 
dry samples) was subtracted from the original weight of the sample (AOAC, 2002).  
Yttrium concentrations were determined in the diets and pooled fecal samples via 
Inductively Coupled Plasma Spectroscopy (ICPS; Perkin Elmer; Waltham, 
Massachusetts, USA).   
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Amino Acid Analysis 
 
Amino acids were determined at a commercial laboratory (Midwest Laboratories, 
Inc., Omaha, Nebraska, USA).  Samples were hydrolyzed with 6 M HCl at 110oC for 
24h.  A separate aliquot was analyzed for Cys and Met following performic acid 
oxidation to cysteic acid and methionine sulfone prior to hydrolysis.  Hydrolysates were 
added to a C-18 column and amino acids were separated via reverse phase high pressure 
liquid chromatography (HPLC).  Amino acids were quantified with a photodiode array 
detector following post-column derivatization with ninhydrin.   
Apparent Digestibility/ Availability Calculations 
 
Yttrium, amino acids, CP, and GE values from the diets and pooled fecal samples 
were used to determine apparent digestibility coefficients (ADC).  The equation 
developed by Maynard and Loosli (1969) and described by Cho and Slinger (1979) was 
used to calculate ADC in the REF diet and test diets: 
(1)  ADC= 1- [(YFEED/ YFECES) × (NUTFECES/ NUTFEED)] × 100     
Where,  
YFECES = [Y in feces]  
YFEED = [Y in feed] 
NUTFECES = [nutrient in feces] 
NUTFEED = [nutrient in feed] 
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The ADC values for the test ingredients were calculated following the equation by 
Forster (1999).   
(2)  ADING= (NUTDIET × ADDIET - 0.7 × NUTREF × ADREF)/ (0.3 × NUTING) 
Where,  
ADING = apparent digestibility of nutrient in test ingredient 
NUTDIET = concentration of nutrient in test diet 
ADDIET = apparent digestibility of nutrient in test diet 
NUTREF = concentration of nutrient in reference diet 
ADREF = apparent digestibility of reference diet 
NUTING = concentration of nutrient in test ingredient 
Statistical Analysis 
  
The data were analyzed as two separate Latin squares (Table A1) and the 
following model was utilized:   
(3) Yijk= µ+τi +βj +γk +εijk 
Where, 
Yijk= Response (ADC) 
µ= Overall mean 
τi= Treatment factor (Diet) 
βj= Blocking factor (Tank) 
γk= Blocking factor (Week) 
εijk= Error 
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For the ADC values of the experimental diets and test ingredients, a plot of the 
fitted to residual values was generated to test for constant variance.  A Q-Q plot was used 
to test for normality (R statistical package version 2.5.1).  The mean ADC values were 
subjected to an analysis of variance (ANOVA) and significant differences were 
determined at p<0.05 (SAS statistical analysis software version 9.1).  Where significant 
treatment differences were detected, pair-wise contrasts between the three feed 
ingredients and between the four diets were evaluated.   
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Experiment 2: Evaluation of By-product Protein Feed Ingredients  
 
Experimental Fish and Water Quality 
 
The 220 juvenile pompano used in this experiment were spawned at ARS-CRL 
and underwent the same rearing and acclimation processes outlined in Experiment 1.   
The two recirculating systems used for the experiment were identical in set-up and water 
quality management as in Experiment 1 (Figure A2).  The temperature, salinity and DO 
were monitored daily. Water temperature and DO were maintained at 28˚C and 4 mg/L to 
5 mg/L, respectively. 
Feed Formulation 
 
The analyzed compositions of the four by-product test ingredients used in this 
experiment are presented in Table 3.  By-product test ingredients were obtained from the 
same feed manufacturer (Rangen, Inc., Buhl, Idaho, USA) and included: distillers dried 
grains (DDG), meat and bone meal (MBM), and poultry by-product meal (PBM).  Four 
experimental diets were prepared for the experiment (Table 4) and the same menhaden 
meal-based formulation used in Experiment 1 served as the REF diet.  Experimental diets 
each consisted of 70% REF diet to 30% substituted test ingredient.  The test ingredients 
were ground via Hammermill (Prater Industries, Inc., Chicago, Illinois, USA) to pass 
through a 250µm screen.  Diets were prepared in the same manner outlined in 
Experiment 1.  Pelleted diets were stored at -20˚C until fed. 
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Table 3.  Analyzed composition of the test ingredients used in by-product protein 
digestibility experiment with juvenile pompano (mean initial weight 50g and 70g).  
Values are presented on a dry matter basis in g/100g. 
 
 
  DDG MBM PBM
Dry Matter 92.9 95.0 95.3
Gross Energy (MJ/kg) 19.7 18.7 20.1
Crude Protein 35.7 54.7 71.7
Crude Lipid 8.9 12.3 13.3
Ash 7.8 17.7 12.7
Fiber* 12.1 2.6 2.1
NFE** 28.4 7.7 0.0
    
Amino Acids    
Alanine 3.0 4.8 6.1
Arginine 1.6 2.8 4.4
Aspartic Acid 2.5 4.0 5.7
Cysteine 0.9 1.1 1.3
Glutamic Acid 5.4 6.7 8.8
Glycine 2.1 5.4 8.5
Histidine 0.8 1.1 1.3
Isoleucine 1.1 1.4 2.3
Leucine 3.0 3.3 4.6
Lysine 1.5 2.9 4.0
Methionine 0.8 1.2 1.5
Phenylalanine 1.4 1.9 2.6
Proline 2.6 3.5 4.7
Serine 1.6 1.9 2.9
Threonine 1.2 1.8 2.7
Valine 1.4 2.0 3.3
Tyrosine 1.1 1.3 2.0
Distillers’ dried grains (DDG), Meat and bone meal (MBM), Poultry by-product meal 
(PBM) 
* Data from Hertrampf and Piedad- Pascual (2002) presented on an as-fed basis  
**Nitrogen free extract= (100-(moisture + crude protein + crude lipid + ash + fiber)) 
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Table 4. Formulation of experimental diets used in pompano (mean weight 50g and 70g) 
digestibility study of by-product based test ingredients.  Ingredients are presented on a 
dry matter basis in g/kg unless otherwise noted.   
 
Ingredients IFN^ REF DDG MBM PBM 
Substitute Ingredient‡  0.0 300.0 300.0 300.0 
Menhaden meal 5-02-009 338.5 237.0 237.0 237.0 
Solvent-extracted  soybean meal 5-04-612 221.0 154.6 154.6 154.6 
Corn gluten meal 5-28-242 68.0 47.6 47.6 47.6 
Blood meal (spray dried) 5-00-381 30.0 21.0 21.0 21.0 
Fish solubles (dehydrated) 5-01-971 60.0 42.0 42.0 42.0 
Shrimp meal 5-04-226 50.0 35.0 35.0 35.0 
Dextrin 4-08-023 22.0 15.4 15.4 15.4 
Sipernat 50  10.0 7.0 7.0 7.0 
Mineral premix*    15.0 10.5 10.5 10.5 
Vitamin premix**  5.0 3.5 3.5 3.5 
Lecithin  1.0 0.7 0.7 0.7 
Stay C-35  0.5 0.4 0.4 0.4 
Cellulose  15.0 9.0 9.0 9.0 
Carboxymethyl Cellulose  20.0 14.0 14.0 14.0 
Yttrium Oxide  5.0 5.0 5.0 5.0 
Menhaden oil 7-08-049 139.0 97.3 97.3 97.3 
Total   1,000.0 1,000.0 1,000.0 1,000.0 
      
Analyzed composition (dry matter basis; g/100g)    
Dry Matter   94.8 95.4 90.5 94.8 
Gross Energy (MJ/kg)  21.6 21.7 21.2 21.7 
Crude Protein  49.7 45.9 51.5 58.7 
Ash   13.2 13.1 14.8 13.3 
Reference (REF), Distillers dried grains (DDG), Meat and bone meal (MBM), Poultry by-product meal 
(PBM) 
^International Feed Number (IFN; NRC 1982).       
‡ IFN for DDG, MBM, and PBM are 5-28-235, 5-00-388, and 5-03-798, respectively   
*Mineral premix (per kg premix):  CaHPO4 (Ca, 103g; P 80g); CaSO4·2H2O, 23g; KH2PO4, 45g; 
MgSO4·7H2O, 8g; MnSO4·H2O, 0.65g; FeSO4·7H2O, 3.2g; ZnSO4·7H2O, 0.68g; CuCl2·2H2O, 0.38g; 
CoCl2·6H2O, 5mg; KI, 77mg; KF, 80mg; Na2MoO4·2H2O, 20mg; Na2SeO3, 5mg  
**Vitamin premix for Warmwater fish (DSM Nutritional Products, Inc Parsippany, New Jersey; per kg 
premix): Vitamin A 3527360 IU; Vitamin D3 793.656 IU; Vitamin E 44.092 IU; Vitamin B12 4.4 mg; 
Riboflavin 5732 mg; Niacin 35.274 mg; Pantothenic Acid 14.109 mg; Choline-Cl 176.368 mg; Vitamin 
K 794 mg; Folic Acid 1764 mg; Vitamin B6 4409 mg; Thiamine 3968 mg; d-Biotin 55mg  
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Experimental Design 
 
To evaluate the three by-product test ingredients and reference diet at two 
salinities, two concurrent 4×4 Latin squares were utilized.  The two systems (3 g/L and 
28 g/L salinity) each consisted of one row of four, 60-L tanks (Figure A2).  All tanks 
were individually aerated and the flow rate was maintained at 3 L/min.  All fish were 
hand-graded prior to stocking.  In the 3 g/L system, 15 juvenile pompano with a mean 
weight of 70g were randomly selected, batch weighed, and placed into a tank.  In the 28 
g/L system, 20 pompano with a mean weight of 50g were used.  For one week, fish were 
acclimated to the tanks and respective saline conditions before the beginning of the 
experiment.  One experimental diet was assigned to each tank and fed for 7 days before 
being rotated (Table A2).  Pompano were hand-fed 4.7% BW/day divided between a 
morning and afternoon feeding.  On Day 5 and 7 of each week, fecal samples were 
collected 3h after the morning feeding.  Fecal collection followed procedures outlined in 
Experiment 1.  The fecal samples from each fish within a tank, collected on Day 5 and 7, 
were pooled so that each tank provided one sample per week.  Diets were then reassigned 
to different tanks and the procedures were repeated until each of the 4 tanks at the two 
salinities had received each of the diets.  In this manner 4 replicates of each diet were 
attained.  Pooled fecal samples were kept at -80°C before analysis. 
Proximate and Amino Acid Analysis 
 
The test ingredients, experimental diets, and pooled fecal samples were analyzed 
for CP, GE, and ash.  Dry matter was determined for test ingredients and experimental 
diets.   All proximate assays were performed in duplicate.  Yttrium concentrations were 
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determined in the diets and pooled fecal samples via ICPS.  Values for Y, CP, GE, and 
amino acids were used to determine ADC and apparent availability of amino acids.   The 
ADC values were calculated in the same manner described in Experiment 1. 
Statistical Analysis 
 
The data were analyzed as two separate Latin squares (Table A2) and the same 
model described in Experiment 1 was utilized.   
For the ADC values of the experimental diets and test ingredients, a plot of the 
fitted to residual values was generated to test for constant variance.  A Q-Q plot was used 
to test for normality (R statistical package version 2.5.1).  The mean ADC values were 
subjected to an analysis of variance (ANOVA) and significant differences were 
determined at p<0.05 (SAS statistical analysis software version 9.1).  Where significant 
treatment differences were detected pair-wise contrasts between the three feed ingredients 
and between the four experimental diets were evaluated.   
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Experiment 3:  Soybean Meal Substitution for Dietary Fishmeal  
 
Experimental Fish and Water Quality 
 
An 8 week experiment was conducted to determine the maximum substitution of 
SBM for FM protein in diets fed to juvenile Florida pompano.  Approximately 500 
juvenile pompano were obtained from DyerAqua, LLC a division of Maritech, Sebastian, 
Florida, USA and transferred to the USDA FUNL where they were placed in a 1,100-L 
tank to begin the acclimation process.  Over a period of 2 weeks, fish were brought down 
from a salinity of 28 g/L to 3 g/L.  Fish were fed a commercial trout diet (Silver Cup, 
Nelson & Sons, Inc., Murray, Utah, USA; 45% CP, 16% CL) twice daily to apparent 
satiation. 
   The recirculating system used for the experiment was equipped with sand, bead, 
and carbon filtration.  A temperature of 28˚C and salinity of 3 g/L were maintained 
throughout the duration of the experiment.  Water sources were ozone treated and UV 
sterilized before entry into the system.   Water temperature, salinity, and DO were 
measured daily.  Bi-weekly water samples were also collected to measure pH (Accumet 
AR 25 pH meter), TAN, and nitrite levels (HACH® test kit and DR/890 colorimeter).  
The light-dark cycle was maintained at approximately 13h light 11h dark. 
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Feed Formulation 
 
Six diets were formulated for this experiment (Table 5).  Diets 2 - 6, 20% - 100% 
replacement, represents the percentage of FM protein substituted by SBM on an 
isonitrogenous basis.  Diet 1 with 0% replacement by SBM served as the REF diet.  All 
six diets were formulated to be isonitrogenous with 44% digestible CP and isoenergetic at 
22 MJ/kg GE.  Soybean meal (Rangen, Inc., Buhl, Idaho, USA) was ground via 
Hammermill (Prater Industries, Inc., Chicago, Illinois, USA) to pass through a 250µm 
screen.  Dry ingredients were combined in a Vmixer (Patterson-Kelley, East Stroudsburg, 
Pennsylvania, USA) and allowed to mix for no less than 1h. Contents were transferred to 
a Hobart stand mixer where oil and water were added.   Diets were cold extruded through 
a 3mm die and dried at 60˚C for 24h.  Pelleted diets were stored at -20˚C until fed.  
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Table 5. Formulation of the diets used in the performance experiment for juvenile 
pompano (mean initial weight 2.5g).  The replacement (%) represents the amount of 
fishmeal (FM) protein replaced with soybean meal on an isonitrogenous basis.  The 0% 
replacement of FM served as the reference.  Ingredients are presented on a dry matter 
basis in g /kg.   
 
Experimental Diet  1 2 3 4 5 6 
Replacement (%)   0% 20% 40% 60% 80% 100% 
Ingredients IFN^             
Menhaden meal 5-02-009 312.0 250.0 187.5 125.0 62.5 0.0 
Solvent- extracted 
soybean meal 5-04-612 0.0 85.0 170.0 255.0 340.0 425.0 
Menhaden oil 7-08-049 147.0 144.0 141.0 138.0 135.0 132.0 
Corn gluten meal 5-28-242 250.0 250.0 250.0 250.0 250.0 250.0 
Blood meal (spray dried) 5-00-381 60.0 60.0 60.0 60.0 60.0 60.0 
Shrimp meal 5-04-226 50.0 50.0 50.0 50.0 50.0 50.0 
Dextrin 4-08-023 25.0 25.0 25.0 25.0 25.0 25.0 
Sipernat 50  10.0 10.0 10.0 10.0 10.0 10.0 
Mineral premix*  15.0 15.0 15.0 15.0 15.0 15.0 
Vitamin premix**  5.0 5.0 5.0 5.0 5.0 5.0 
Lecithin  1.0 1.0 1.0 1.0 1.0 1.0 
Stay C-35  0.5 0.5 0.5 0.5 0.5 0.5 
Carboxymethyl Cellulose  20.0 20.0 20.0 20.0 20.0 20.0 
Cellulose  104.5 84.5 65.0 45.5 26.0 6.5 
Total   1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 
        
Analyzed composition (dry matter basis; g/ 100g)     
        
Dry Matter   96.5 99.1 98.9 98.8 98.6 95.5 
Gross Energy (MJ/kg)  22.4 22.2 22.2 22.2 21.9 21.6 
Crude Protein  46.1 45.9 46.1 46.5 47.3 47.0 
Ash  9.9 9.8 9.4 9.3 8.4 8.0 
Crude Lipid   17.3 16.7 16.0 12.6 11.9 13.4 
International Feed Number (IFN; NRC 1982)      
*Mineral premix (per kg premix):  CaHPO4 (Ca,103g; P, 80g); CaSO4·2H2O, 23g; KH2PO4, 45g; 
MgSO4·7H2O, 8g; MnSO4·H2O, 0.65g; FeSO4·7H2O, 3.2g; ZnSO4·7H2O, 0.68g; CuCl2·2H2O, 0.38g; 
CoCl2·6H2O, 5mg; KI, 77mg; KF, 80mg; Na2MoO4·2H2O, 20mg; Na2SeO3, 5mg 
**Vitamin premix for Warmwater fish (DSM Nutritional Products, Inc Parsippany, New Jersey; per kg 
premix): Vitamin A 3527360 IU; Vitamin D3 793.656 IU; Vitamin E 44.092 IU; Vitamin B12 4.4 mg; 
Riboflavin 5732 mg; Niacin 35.274 mg; Pantothenic Acid 14.109 mg; Choline-Cl 176.368 mg; Vitamin 
K 794 mg; Folic Acid 1764 mg; Vitamin B6 4409 mg; Thiamine 3968 mg; d-Biotin 55mg 
 
 
 
 
 35
Experimental Design 
 
A completely randomized design (CRD) involving a 3,000-L recirculating system 
equipped with 24 tanks was utilized for this experiment (Figure A3).  Each tank was 
individually aerated via airstones and water flow was maintained at 3 L/min.  Before the 
experiment began, 10 juvenile pompano were randomly selected and kept at -20˚C for 
initial proximate analysis.  Pompano (20 fish; mean initial weight 2.5g) were randomly 
selected, batch weighed, and placed into each of 24, 60-L tanks.  The diets were 
randomly assigned to the tanks with 4 replicates per diet.  Fish were hand-fed 5% 
BW/day, divided between a morning and afternoon feeding.   
Every 14 days, the pompano were re-weighed and the daily rations re-calculated.  
Fish were not fed for 24h prior to weighing.  After the first 2 weeks, the feed ration was 
increased to 7% BW/day due to increased feeding activity of the pompano.  The tanks 
were inspected daily for mortalities and dead fish were removed and weighed.  A 
replacement fish of similar weight was fin-clipped and placed in the tank.  This allowed 
for the stocking density of 20 fish per tank to be maintained throughout the experiment.   
After 8 weeks, fish in each tank were collectively weighed.  All fish were then 
euthanized with a lethal dose of MS-222 (Western Chemical, Inc. Ferndale, Washington, 
USA).  Five fish from each tank were randomly selected, bagged, and frozen at -20˚C for 
whole body proximate analysis.  An additional 3 fish were randomly selected and 
individually weighed, the liver carefully removed, rinsed with deionized (DI) water, and 
the liver was weighed for hepatosomatic index (HSI) measurements.  The fin-clipped fish 
were excluded from bi-weekly weight measurements, and whole body proximate and 
liver analysis.   
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Proximate Analysis 
 
Experimental diets and whole body samples were analyzed for DM, CP, GE, CL, 
and ash.  All proximate assays were performed in duplicate.  The experimental diets and 
whole body samples were dried to a constant weight (105˚C; 5h) and DM was calculated 
in the same manner described in Experiment 1.  Frozen whole body samples were 
coarsely chopped before the drying process.  After drying, the experimental diets and 
whole body samples were finely ground with mortar and pestle before analysis.  Nitrogen 
(N) values were determined following combustion (TruSpec N-elemental analyzer, 
LECO Corp., St. Joseph, Michigan, USA).  Percent CP was calculated as N × 6.25 
(AOAC, 2002).  Gross energy was determined by adiabatic bomb calorimetry (Parr 1266, 
Parr Instruments Co., Moline, Illinois, USA).  Crude lipid was determined following 
extraction of lipid-soluble components using the chloroform-methanol procedure and 
Soxhlet apparatus described by Folch et al. (1957) or by the Ankom XT-15 extraction 
system (Ankom Technology Macedon, New York, USA) using diethyl ether to extract 
the lipid-soluble components.   Ash was determined by dry ashing samples at 600˚C for 
2h (AOAC, 2002).   
 
Performance Formulas 
 
The tested performance parameters were calculated in the following manner: 
(4) Apparent Daily Gain (ADG) = Weight gain (g)/ 56 days 
(5) Apparent Feed Intake (AFI) = Total amount of feed fed (g) /day  
(6) Specific Growth Rate (SGR) = (lnBWfinal - lnBWinitial)/ 56 days 
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(7) Feed Efficiency (FE) = Weight gain (g)/ FI (g) 
(8) Protein Efficiency Ratio (PE) = WG (g)/ Total protein intake (g) 
(9) Apparent Protein Retention (APR) = 
(BWfinal * CPfinal) – (BWinitial * CPinitial )/ Total protein intake (g) 
(10) Apparent Energy Retention (AER) = 
(BWfinal * GEfinal) – (BWinitial * GEinitial )/ Total GE consumed (MJ) 
 
Statistical Analysis 
 
The model for the CRD utilized in the experiment is found below:  
(12) Yij = µ + τi + εij 
Where, 
Yi = Response 
µ = Overall mean 
τi = Treatment effect (Diet) 
εij = Error 
 
For all whole body proximate data and performance parameters, a plot of the 
residuals to fitted values was generated to test for constant variance along with the 
Brown-Forsythe test.  A Q-Q plot was generated to test for normality.  A one-way 
ANOVA was performed on whole body proximate data and performance parameters.  
Mean values were declared statistically different at p<0.05.  Differences among 
treatments were identified using Tukey’s Honest Significant Difference (HSD; R version 
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2.5.1).  Regression analysis, goodness of fit (R2) and  95% confidence intervals were 
determined on all tested performance parameters using GraphPad Prism, version 4.0 
(GraphPad software Inc. San Diego, California USA). 
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Experiment 4: Soy Protein Isolate Substitution for Dietary Fishmeal  
 
Experimental Fish and Water Quality 
 
Approximately 500 juvenile pompano were obtained from DyerAqua, LLC a 
division of Maritech, Sebastian, Florida, USA and transferred to USDA FUNL where 
they underwent the same acclimation process described in Experiment 3.  Over a period 
of two weeks, fish were brought down from 28 g/L to 3 g/L salinity and fed a commercial 
trout diet (Silver Cup, Nelson & Sons, Inc., Murray, Utah, USA; 45% CP, 16% CL) twice 
daily to apparent satiation.  Daily water quality management during the experiment was 
conducted in the same manner described in Experiment 3.     
Feed Formulation 
 
Six diets were formulated for this experiment (Table 6).  Diets 2 – 6, 20% - 100% 
replacement represents the percentage of FM protein substituted by SPI on an 
isonitrogenous basis.  Diet 1 with 0% replacement of FM served as the REF diet.  All six 
diets were formulated to be isonitrogenous with 44% digestible CP and isoenergetic with 
22 MJ/kg GE.  Soy protein isolate (SPI) was obtained from Archer Daniels Midland 
(Decatur, Illinois, USA).  The experimental diets were prepared and stored in the same 
manner described in Experiment 3.  
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Table 6. Formulation of diets used in the performance experiment for juvenile pompano 
(mean initial weight 2.5g).  The replacement (%) represents the amount of fishmeal (FM) 
protein replaced with soy protein isolate on an isonitrogenous basis.  The 0% replacement 
of FM served as the reference.  Values are presented on a dry matter basis in g /kg.   
 
Experimental Diet   1 2 3 4 5 6 
Replacement (%)   0% 20% 40% 60% 80% 100% 
Ingredients IFN^             
Menhaden meal 5-02-009 312.0 250.0 187.5 125.0 62.5 0 
Soy protein isolate  0 44.9 89.8 134.7 179.6 224.4 
Menhaden oil 7-08-049 147.0 151.8 157.0 162.0 167.0 172.0 
Corn gluten meal 5-28-242 250.0 250.0 250.0 250.0 250.0 250.0 
Blood meal (spray dried) 5-00-381 60.0 60.0 60.0 60.0 60.0 60.0 
Shrimp meal 5-04-226 50.0 50.0 50.0 50.0 50.0 50.0 
Dextrin 4-08-023 25.0 25.0 25.0 25.0 25.0 25.0 
Sipernat 50  10.0 10.0 10.0 10.0 10.0 10.0 
Mineral premix*  15.0 15.0 15 15.0 15.0 15.0 
Vitamin premix**  5.0 5.0 5 5.0 5.0 5.0 
Lecithin  1.0 1.0 1 1.0 1.0 1.0 
Stay C-35  0.5 0.5 0.5 0.5 0.5 0.5 
Carboxymethyl Cellulose  20.0 20.0 20 20.0 20.0 20.0 
Cellulose  104.5 116.8 129.2 141.8 154.4 167.1 
Total   1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 
        
Analyzed composition (dry matter basis; g/ 100g)     
        
Dry Matter   98.8 97.3 97.8 98.1 93.6 97.4 
Gross Energy (MJ/kg)  22.0 21.9 22.2 22.2 22.6 22.0 
Crude Protein  47.3 46.8 46.8 46.2 46.6 43.2 
Ash  9.8 9.3 8.3 7.5 6.1 5.4 
Crude Lipid   15.2 14.3 13.8 10.4 11.0  MD 
International Feed Number (IFN; NRC 1982) IFN 
for SPI unavailable      
*Mineral premix (per kg premix):  CaHPO4 (Ca, 103g; P, 80g); CaSO4·2H2O, 23g; KH2PO4, 45g; 
MgSO4·7H2O, 8g; MnSO4·H2O, 0.65g; FeSO4·7H2O, 3.2g; ZnSO4·7H2O, 0.68g; CuCl2·2H2O, 0.38g; 
CoCl2·6H2O, 5mg; KI, 77mg; KF, 80mg; Na2MoO4·2H2O, 20mg; Na2SeO3, 5mg 
**Vitamin premix for Warmwater fish (DSM Nutritional Products, Inc Parsippany, New Jersey; per kg 
premix): Vitamin A 3527360 IU; Vitamin D3 793.656 IU; Vitamin E 44.092 IU; Vitamin B12 4.4 mg; 
Riboflavin 5732 mg; Niacin 35.274 mg; Pantothenic Acid 14.109 mg; Choline-Cl 176.368 mg; Vitamin 
K 794 mg; Folic Acid 1764 mg; Vitamin B6 4409 mg; Thiamine 3968 mg; d-Biotin 55mg 
Missing Data (MD)        
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Experimental Design 
 
A CRD involving a closed, recirculating system (3,000-L) equipped with 24 tanks 
was used for the experiment (Figure A3).  At initiation of the experiment, 10 juvenile 
pompano were randomly selected and stored at -20˚C for initial proximate analysis.  
Pompano (20 fish; mean initial weight 2.5g) were randomly selected, batch weighed, and 
placed into each of 24, 60-L tanks.  The diets were randomly assigned to tanks with 4 
replicates per diet.  Fish were hand-fed 5% BW/day, divided between a morning and 
afternoon feeding.  At the end of 2 weeks, the daily ration was increased to 7% BW/day.  
All tanks were inspected daily for mortalities and dead fish were removed and weighed.  
The fin-clipping of replacement fish followed the procedure described in Experiment 3. 
After 8 weeks, the fish in each tank were collectively weighed and euthanized 
with a lethal dose of MS-222 (Western Chemical, Inc. Ferndale, Washington, USA).  
Five fish were selected at random, bagged, and frozen at -20˚C for whole body proximate 
analysis.  An additional 3 fish were randomly selected and individually weighed, the liver 
carefully removed, rinsed with deionized (DI) water, and the liver was weighed for 
hepatosomatic index (HSI) measurements.  Before being randomly selected, fish were 
examined carefully to ensure they had not been previously fin-clipped. 
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Proximate Analysis 
 
Experimental diets and whole body samples were prepared and analyzed for 
proximate data in the same manner described in Experiment 3.  All analyses were 
performed in duplicate.   
Performance Calculations 
 
Performance parameters were calculated in the same manner outlined previously.   
Statistical Analysis 
 
The model for the CRD utilized in the experiment is found below:  
(12) Yij = µ + τi + εij 
Where, 
Yij = Response 
µ = Overall mean 
τi = Treatment effect (Diet) 
εij = Error 
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For whole body proximate data and performance parameters, a plot of the 
residuals to fitted values was generated to test for constant variance along with the 
Brown-Forsythe test.  A Q-Q plot was generated to test for normality.  A one-way 
ANOVA was performed on whole body proximate data and performance parameters.  
Mean values were declared statistically different at p<0.05.  Differences among 
treatments were identified using Tukey’s HSD (R version 2.5.1).  Regression analyses 
were performed on all performance parameters in the same manner described in 
Experiment 3. 
 44
RESULTS 
 
Experiment 1:  Evaluation of Plant Protein Feed Ingredients  
 
The analyzed test ingredient composition and the proximate analyses of plant 
based experimental diets are presented in Tables 1 and 2.  The percent DM for the 
experimental diets ranged from 88% in the SBM and CGM diets to 95% in the REF diet.  
The GE and ash content among the experimental diets was 21 MJ/kg and 13%, 
respectively.  Crude protein values ranged from 50% for the SBM diet to 63% for the SPI 
diet.   
The ADCP and ADE for juvenile Florida pompano (50g and 70g) fed plant-based 
experimental diets at 3 g/L and 28 g/L salinity are presented in Table 7.  The test 
ingredient digestibility coefficients are also presented in Table 7.   
In the 3 g/L system, the ADCP for the experimental diets ranged from 73% in the 
REF diet to 81% in the SPI diet.  The SPI diet had a significantly higher ADCP (81%) 
than the CGM (76%) and REF (73%) diets at 3 g/L salinity.  The ADCP for the test 
ingredients in the 3 g/L system ranged from 82% for CGM to a high of 93% for SPI.  The 
ADCP for the test ingredients SBM (92%) and SPI (93%) were significantly higher than 
the ADCP for the test ingredient CGM (82%) at 3 g/L salinity.  
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In the 3 g/L system, the ADE for the experimental diets ranged from 70% for the 
REF and SBM diets to 77% for the SPI diet.  The REF, SBM, and CGM diets all had a 
significantly lower ADE than the SPI diet at 3 g/L salinity.  Though a slightly significant 
Week effect was detected among the Diet ADE values at 3 g/L salinity, the blocking 
factors (Week and Tank) represent a restriction on randomization in the Latin square 
design.  Therefore, the tests of significance for Week and Tank were questionable 
(Montgomery 1991) and any Week or Tank effects detected were given no further 
consideration.  The ADE for the test ingredients ranged from 71% to 93% in the 3 g/L 
system.  The ADE for the test ingredient SPI (93%) was significantly higher than the test 
ingredients CGM (77%) and SBM (71%).   
In the 28 g/L system, the ADCP for the experimental diets ranged from 75% for 
the REF diet to 79% for the SPI diet.  The SPI diet had significantly higher ADCP than 
the REF diet at 28 g/L salinity.  The ADCP for the SBM and CGM diets were not 
significantly different from the REF and SPI diets or from one another in the 28 g/L 
system.  The ADCP for the test ingredients at 28 g/L salinity ranged from 83% for CGM 
to 87% for SBM.  There were no significant differences detected among ADCP for any of 
the test ingredients in the 28 g/L system.     
In the 28 g/L system, the ADE for the experimental diets ranged from 70% to 
74%.  The ADE for the SPI and CGM diets (74%) were significantly higher than the 
ADE for the SBM diet (70%) at 28 g/L salinity.  The ADE for the test ingredients in the 
28 g/L system ranged from 62% to 78%.  The test ingredients SPI and CGM had 
significantly higher ADE (78% and 77%, respectively) than the test ingredient SBM 
(62%) at 28 g/L salinity.   
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In comparing the results of the 3 g/L and 28 g/L systems, the results appear to 
show the test ingredient values for ADCP and ADE to be generally higher at 3 g/L 
salinity than at 28 g/L salinity.  The one exception to this trend was found for the test 
ingredient CGM, where the ADCP was slightly higher in the 28 g/L system (83%) than in 
the 3 g/L system (82%).  The ADE for the test ingredient CGM remained unchanged in 
the 3 g/L and 28 g/L systems (77%).   
The AAAA for the experimental diets fed to juvenile pompano (mean initial 
weight 70g) at 3 g/L salinity are presented in Table 8.  The apparent availability of Lys 
ranged from 81% - 87%, while the apparent availability of Met ranged from 83% - 90% 
for all 4 diets in the 3 g/L system.  The mean of all AAAA ranged from 81% for the 
CGM and REF diets to 86% for the SPI diet at 3 g/L salinity. 
The AAAA of the plant-based test ingredients for juvenile pompano at 3 g/L 
salinity are presented in Table 9.  The apparent availability of Lys for the test ingredients 
SBM, SPI, and CGM were 100%, 94%, and 76%, respectively.  The apparent availability 
of Met ranged from 112% - 97% for SBM, SPI, and CGM, respectively.  The apparent 
availability of Thr for SBM, SPI, and CGM was 91%, 89%, and 80%, respectively.  The 
test ingredient CGM had an apparent availability for Ile of 68% and this value was the 
lowest among the indispensable amino acids (IAA) in the 3 g/L system.  The mean of all 
AAAA in the 3 g/L system ranged from 80% for the test ingredient CGM to 94% for the 
test ingredient SPI.   
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Table 8.  Apparent availability of amino acids (%) in experimental diets fed to juvenile 
pompano (mean initial weight 70g) at 3 g/L salinity.  Values represent the mean of four 
replicates with SEM in parentheses. 
 
Indispensable Amino Acids REF SBM SPI CGM 
Arginine  83.3 (1.0) 90.0 (2.8) 89.2 (0.8) 80.7 (5.5) 
            
Histidine  80.3 (0.6) 86.8 (2.3) 84.6 (1.6) 79.2 (2.3) 
            
Isoleucine  80.4 (1.2) 82.6 (2.1) 87.9 (0.5) 76.2 (3.4) 
            
Leucine  86.1 (0.3) 87.5 (0.4) 89.6 (0.5) 86.9 (1.8) 
            
Lysine  81.9 (1.1) 87.0 (0.7) 87.0 (0.6) 81.2 (1.4) 
            
Methionine 83.0 (5.0) 90.1 (0.3) 89.5 (1.4) 89.1 (0.4) 
            
Phenylalanine 81.0 (2.5) 87.9 (1.0) 89.2 (1.2) 83.6 (2.9) 
            
Threonine  75.7 (1.7) 80.3 (1.1) 81.5 (2.2) 77.1 (2.4) 
            
Tyrosine  86.7 (4.5) 88.0 (1.8) 87.6 (1.2) 83.9 (3.8) 
            
Valine  83.9 (3.2) 83.2 (1.5) 88.6 (0.2) 82.0 (2.5) 
            
Dispensable Amino Acids REF SBM SPI CGM 
Alanine  81.5 (1.3) 82.9 (1.5) 86.7 (1.0) 85.3 (1.2) 
            
Aspartic Acid 73.9 (0.3) 78.5 (1.1) 82.2 (2.0) 75.3 (2.0) 
            
Cystine  84.5 (4.5) 86.6 (0.7) 84.1 (1.4) 77.3 (2.7) 
            
Glutamic Acid 80.0 (0.6) 84.8 (0.9) 86.7 (1.2) 83.0 (1.6) 
            
Glycine  71.8 (1.4) 71.8 (2.9) 77.6 (0.7) 72.0 (2.0) 
            
Proline  75.6 (2.9) 78.4 (0.7) 82.1 (1.3) 78.7 (1.7) 
            
Serine  78.4 (1.4) 84.0 (0.8) 86.2 (1.1) 81.4 (2.6) 
            
Mean AAAA (Diet) 80.5 84.2 85.9 80.8 
Reference (REF), Soybean meal (SBM), Soy protein isolate (SPI), Corn gluten meal (CGM) 
Apparent Amino Acid Availability (AAAA) 
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Table 9.  Apparent availability of amino acids (%) in test ingredients contained in the 
experimental diets fed to juvenile pompano (mean initial weight 70g) at 3 g/L salinity.  
Values represent the mean of four replicates with SEM in parentheses. 
 
Indispensable Amino Acids SBM SPI CGM 
Arginine  101.9 (7.6) 95.3 (1.5) 73.1 (21.7) 
          
Histidine  100.9 (7.3) 92.5 (4.5) 77.4 (5.9) 
          
Isoleucine  88.0 (7.1) 96.4 (1.1) 67.9 (10.1) 
          
Leucine  91.5 (1.3) 94.7 (1.3) 88.0 (4.1) 
          
Lysine  99.5 (2.3) 94.1 (1.4) 75.6 (12.4) 
          
Methionine 111.8 (1.1) 108.3 (5.6) 97.0 (0.8) 
          
Phenylalanine 102.5 (3.0) 98.5 (2.6) 86.7 (6.3) 
          
Threonine  91.4 (3.8) 89.3 (5.2) 79.9 (7.3) 
          
Tyrosine  90.7 (5.7) 88.6 (2.6) 80.8 (7.9) 
          
Valine  81.3 (6.1) 96.0 (0.5) 77.9 (8.1) 
          
Dispensable Amino Acids SBM SPI CGM 
Alanine  89.3 (8.0) 96.4 (2.9) 90.7 (2.9) 
          
Aspartic Acid 87.7 (3.4) 90.9 (4.1) 78.9 (7.4) 
          
Cystine  93.6 (2.8) 90.0 (7.2) 66.0 (7.0) 
          
Glutamic Acid 93.1 (2.3) 93.8 (2.4) 86.0 (3.2) 
          
Glycine  71.7 (12.5) 88.4 (2.0) 72.8 (9.5) 
          
Proline  84.6 (2.3) 90.4 (2.9) 81.9 (3.5) 
          
Serine  95.0 (2.3) 94.6 (2.4) 85.3 (6.0) 
          
Mean AAAA (Ingredient) 92.6 94.0 80.3 
Reference (REF), Soybean meal (SBM), Soy protein isolate (SPI), Corn gluten meal (CGM) 
Apparent Amino Acid Availability (AAAA) 
 50
The AAAA for the experimental diets fed to juvenile pompano (mean initial 
weight 50g) at 28 g/L salinity are presented in Table 10.  The apparent availability of Lys 
ranged from 82% - 87% and the apparent availability for Met ranged from 88% - 90% for 
all 4 diets in the 28 g/L system.  The apparent availability of Thr ranged from 73% - 79% 
among all 4 diets at 28 g/L salinity.  The mean of all AAAA ranged from 82% for the 
REF diet to 83% for the SBM, SPI, and CGM diets at 28 g/L salinity. 
The AAAA of the plant-based test ingredients for juvenile pompano at 28 g/L salinity are 
presented in Table 11.  The apparent availability of Lys for the test ingredients SBM, SPI, 
and CGM were 95%, 84%, and 77%, respectively.  The apparent availability of Met for 
the test ingredients SBM, SPI, and CGM were 94%, 90%, and 92%, respectively.  The 
apparent availability of Thr ranged from 73% for SBM to 88% for SPI.  The test 
ingredient, SBM had an apparent availability for Tyr of 72% and this value was the 
lowest among the IAA at 28 g/L salinity.  The mean for all AAAA was 84% for all test 
ingredients in the 28 g/L system. 
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Table 10.  Apparent availability of amino acids (%) in experimental diets fed to juvenile 
pompano (mean initial weight 50g) at 28 g/L salinity.  Values represent the mean of four 
replicates with SEM in parentheses. 
 
Indispensable Amino Acids REF SBM SPI CGM 
Arginine  87.5 (0.6) 84.1 (3.9) 83.5 (8.2) 87.9 (0.7) 
            
Histidine  81.1 (1.1) 83.2 (1.9) 81.9 (1.0) 82.1 (1.0) 
            
Isoleucine  81.6 (1.6) 82.2 (2.4) 86.4 (2.0) 80.9 (2.2) 
            
Leucine  87.7 (0.7) 87.2 (1.3) 86.8 (2.1) 89.4 (0.5) 
            
Lysine  83.0 (0.5) 86.5 (0.8) 83.4 (1.6) 82.3 (0.8) 
            
Methionine 87.9 (0.3) 89.5 (1.9) 88.5 (1.6) 89.7 (0.6) 
            
Phenylalanine 85.6 (0.4) 83.8 (3.5) 85.4 (1.4) 87.7 (0.4) 
            
Threonine  73.2 (3.5) 73.2 (8.0) 79.4 (2.9) 77.8 (0.8) 
            
Tyrosine  85.5 (0.5) 81.0 (6.0) 86.9 (2.1) 87.2 (0.3) 
            
Valine  86.2 (0.6) 83.0 (1.8) 87.0 (1.8) 85.7 (0.5) 
            
Dispensable Amino Acids REF SBM SPI CGM 
Alanine  84.9 (0.7) 84.2 (2.0) 83.7 (2.0) 86.3 (0.4) 
            
Aspartic Acid 73.7 (2.4) 82.1 (5.1) 77.1 (2.8) 75.1 (0.3) 
            
Cystine  85.3 (1.0) 81.5 (1.1) 79.3 (2.8) 77.7 (0.3) 
            
Glutamic Acid 81.9 (0.4) 83.9 (1.2) 84.0 (1.6) 84.1 (1.1) 
            
Glycine  72.5 (1.5) 75.5 (3.0) 74.1 (2.9) 71.8 (0.8) 
            
Proline  77.6 (0.4) 78.2 (2.7) 80.5 (1.6) 80.8 (1.4) 
            
Serine  75.7 (3.8) 85.0 (1.4) 83.7 (2.0) 82.1 (0.6) 
            
      
Mean AAAA (Diet) 81.8 82.6 83.0 82.9 
Reference (REF), Soybean meal (SBM), Soy protein isolate (SPI), Corn gluten meal (CGM) 
Apparent Amino Acid Availability (AAAA) 
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Table 11.  Apparent availability of amino acids (%) in test ingredients contained in the 
experimental diets fed to juvenile pompano (mean initial weight 50g) at 28 g/L salinity.  
Values represent the mean of four replicates with SEM in parentheses. 
 
Indispensable Amino Acids SBM SPI CGM 
Arginine  78.2 (10.7) 78.3 (3.3) 89.1 (2.7) 
          
Histidine  87.9 (6.2) 83.6 (2.9) 83.8 (2.7) 
          
Isoleucine  83.6 (8.2) 91.9 (4.4) 79.6 (6.5) 
          
Leucine  85.8 (4.8) 85.4 (5.0) 91.7 (1.2) 
          
Lysine  95.3 (2.9) 83.9 (3.9) 76.8 (7.0) 
          
Methionine 94.1 (7.5) 90.2 (6.1) 92.0 (1.3) 
          
Phenylalanine 80.0 (10.8) 85.2 (3.1) 90.2 (0.9) 
          
Threonine  73.1 (27.2) 87.7 (6.8) 87.0 (2.4) 
          
Tyrosine  71.5 (18.4) 88.5 (4.5) 88.9 (0.7) 
          
Valine  73.4 (7.1) 88.1 (4.5) 84.6 (1.7) 
          
Dispensable Amino Acids SBM SPI CGM 
Alanine  81.2 (10.5) 81.6 (5.8) 88.4 (0.9) 
          
Aspartic Acid 98.8 (15.4) 80.6 (5.7) 78.7 (1.1) 
          
Cystine  69.4 (4.7) 55.5 (13.9) 65.8 (0.7) 
          
Glutamic Acid 87.5 (3.3) 86.2 (3.3) 86.4 (2.1) 
          
Glycine  85.1 (12.6) 77.0 (8.2) 68.8 (4.0) 
          
Proline  79.6 (8.9) 84.2 (3.6) 84.2 (2.8) 
          
Serine  103.0 (4.2) 92.4 (4.1) 90.6 (1.5) 
          
     
Mean AAAA (Ingredient) 84.0 83.5 83.9 
Reference (REF), Soybean meal (SBM), Soy protein isolate (SPI), Corn gluten meal (CGM) 
Apparent Amino Acid Availability (AAAA) 
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Experiment 2:  Evaluation of By-product Protein Feed Ingredients  
 
The analyzed ingredient composition and proximate analyses of by-product based 
experimental diets are presented in Tables 3 and 4.  The percent DM for the experimental 
diets ranged from 91% in the MBM diet to 95% in the DDG diet.  For all experimental 
diets, the GE was 21 MJ/kg and ash content was 13% with the exception of MBM with 
15% ash.  Crude protein values ranged from 46% (DDG diet) to 59% (PBM diet).    
The ADCP and ADE for juvenile Florida pompano (50g and 70g) fed by-product 
based experimental diets at 3 g/L and 28 g/L salinity are presented in Table 12.  The test 
ingredient digestibility coefficients are also presented in Table 12.   
In the 3 g/L system, the ADCP for the experimental diets ranged from 70% for 
DDG to 74% for the REF.  The ADCP for the test ingredients ranged from 54% for DDG 
to 72% for PBM at 3 g/L salinity.  The ADE for the experimental diets ranged from 69% 
for DDG to 73% for PBM at 3 g/L salinity.  The ADE for the test ingredients ranged 
from 64% for DDG to 76% for PBM at 3 g/L salinity.   
In the 28 g/L system, the ADCP ranged from 72% for the MBM diet to 77% for 
the REF diet.  The ADCP for the test ingredients ranged from 61% for DDG to 67% for 
PBM.  The ADE ranged from 72% for the MBM and DDG diets to 74% for the REF diet 
at 28 g/L salinity.  The ADE for the test ingredients ranged from 65% for MBM to 72% 
for PBM at 28 g/L salinity.   
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There were no significant differences detected among the experimental diets, test 
ingredients, fecal collection Week, or individual Tank.  In comparing the 3 g/L system 
with the 28 g/L system, the results appear to show no clear trend in ADCP or ADE for 
the experimental diets or the test ingredients.   
The AAAA for the experimental diets fed to juvenile pompano (mean initial 
weight 70g) at 3 g/L salinity are presented in Table 13.  The apparent availability of Lys 
ranged from 74% - 84% while the apparent availability of Met ranged from 78% - 93% 
among all 4 diets in the 3 g/L system.  The MBM and DDG diets had the lowest apparent 
availability of Thr (66% and 67%, respectively) and these values were the lowest among 
the IAA at 3 g/L salinity.  The mean for all AAAA ranged from 76% for DDG and MBM 
diets to 81% for the REF diet in the 3 g/L system.   
The AAAA of the by-product based test ingredients for juvenile pompano at 3 g/L 
salinity are presented in Table 14.  The apparent availability of Lys ranged from 27% 
(DDG) to 70% (PBM) and the apparent availability of Met ranged from 35% (DDG) to 
59% (MBM) among the test ingredients in the 3 g/L system.  The mean for all AAAA 
ranged from 57% for the test ingredient DDG to 69% for the test ingredient PBM at 3 g/L 
salinity.   
The AAAA for the experimental diets fed to juvenile pompano (mean initial 
weight 50g) at 28 g/L salinity are presented in Table 15.  The apparent availability of Lys 
ranged from 73% - 85% while the apparent availability of Met ranged from 80% - 88% 
among all 4 experimental diets in the 28 g/L system.  The MBM diet had the lowest 
apparent availability of Thr at 69% and this value was the lowest among the IAA in the 
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28 g/L system.  The mean for all AAAA ranged from 76% in the MBM diet to 82% in the 
REF diet at 28 g/L salinity. 
The AAAA of the by-product based test ingredients for juvenile pompano at 28 
g/L salinity are presented in Table 16.  The apparent availability of Lys ranged from 46% 
- 69% while the apparent availability of Met ranged from 73% - 82% among all three test 
ingredients in the 28 g/L system.  The test ingredient DDG had the lowest apparent 
availability of His (45%) and this value was the lowest among the IAA at 28 g/L salinity.  
The mean of all AAAA ranged from 68% for the test ingredient PBM to 72% for the test 
ingredient MBM in the 28 g/L system.    
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Table 13.  Apparent availability (%) of amino acids in experimental diets fed to juvenile 
pompano (mean initial weight 70g) at 3 g/L salinity.  Values are the means of four 
replicates with SEM in parentheses. 
 
Indispensable Amino Acids REF DDG MBM PBM 
Arginine  83.5 (1.0) 82.3 (2.0) 75.8 (5.0) 78.2 (3.3) 
            
Histidine  83.3 (1.0) 77.2 (0.7) 72.9 (2.7) 75.8 (2.0) 
            
Isoleucine  78.5 (0.4) 71.0 (5.2) 78.2 (1.9) 77.7 (2.0) 
            
Leucine  84.2 (0.4) 82.0 (2.0) 82.6 (2.2) 83.0 (1.6) 
            
Lysine  83.5 (0.6) 74.6 (1.9) 73.7 (1.4) 79.0 (1.2) 
            
Methionine  93.1 (4.0) 81.1 (3.4) 83.6 (2.9) 77.7 (1.1) 
            
Phenylalanine 83.5 (1.1) 82.7 (2.1) 82.2 (1.7) 83.7 (1.5) 
            
Threonine  71.4 (4.1) 66.7 (3.3) 66.2 (4.4) 70.8 (2.6) 
            
Tyrosine  82.5 (0.7) 79.6 (2.6) 83.1 (1.2) 78.4 (2.9) 
            
Valine  81.5 (0.8) 75.0 (4.2) 82.3 (1.3) 77.7 (1.1) 
            
Dispensable Amino Acids REF DDG MBM PBM 
Alanine  81.0 (0.9) 79.2 (1.9) 81.5 (1.6) 79.0 (1.4) 
            
Aspartic Acid 69.4 (5.0) 66.0 (3.0) 65.7 (2.7) 68.5 (1.3) 
            
Cystine  90.7 (5.4) 76.3 (2.9) 82.4 (1.6) 80.4 (0.5) 
            
Glutamic Acid 82.1 (0.4) 79.2 (1.4) 77.4 (1.6) 78.7 (1.3) 
            
Glycine  72.7 (1.6) 65.3 (3.1) 67.5 (1.9) 69.3 (1.5) 
            
Proline  77.2 (0.3) 74.3 (1.2) 71.2 (2.5) 73.4 (1.7) 
            
Serine  74.8 (2.9) 71.8 (2.2) 64.5 (8.4) 73.1 (1.9) 
            
Mean AAAA (Diet) 80.8 75.5 75.9 76.7 
Reference (REF), Distillers dried grains (DDG), Meat and bone meal (MBM), Poultry by-product meal 
(PBM) 
Apparent Amino Acid Availability (AAAA) 
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Table 14.  Apparent availability (%) of amino acids in test ingredients used in 
experimental diets fed to juvenile pompano (mean initial weight 70g) at 3 g/L salinity.  
Values are the means of four replicates with SEM in parentheses. 
 
Indispensable Amino Acids DDG MBM PBM 
Arginine  77.7 (9.4) 59.5 (15.7) 71.2 (7.8) 
          
Histidine  52.0 (3.6) 41.5 (10.8) 56.1 (7.1) 
          
Isoleucine  40.8 (26.3) 77.4 (7.5) 76.2 (5.7) 
          
Leucine  74.5 (10.5) 77.8 (8.4) 80.3 (5.0) 
          
Lysine  27.4 (12.0) 47.4 (5.3) 70.2 (3.5) 
          
Methionine 34.6 (16.6) 58.9 (14.6) 47.4 (3.3) 
          
Phenylalanine 79.7 (10.0) 78.7 (6.7) 84.2 (4.7) 
          
Threonine  48.4 (15.8) 52.6 (16.0) 69.8 (7.0) 
          
Tyrosine  69.9 (11.6) 85.0 (4.9) 70.6 (8.5) 
          
Valine  50.5 (19.8) 84.4 (4.8) 71.7 (2.8) 
          
Dispensable Amino Acids DDG MBM PBM 
Alanine  73.8 (7.7) 82.4 (4.6) 76.2 (3.5) 
          
Aspartic Acid 50.2 (16.7) 55.3 (10.5) 66.7 (4.0) 
          
Cystine  39.0 (10.4) 63.9 (7.5) 60.9 (1.4) 
          
Glutamic Acid 70.0 (5.7) 65.4 (5.7) 72.1 (3.8) 
          
Glycine  41.0 (13.3) 60.9 (4.4) 66.6 (2.7) 
          
Proline  68.2 (3.7) 61.3 (6.7) 68.9 (3.8) 
          
Serine  61.9 (9.8) 37.1 (30.6) 69.9 (5.1) 
          
Mean AAAA (Ingredient) 56.5 64.1 69.3 
Reference (REF), Distillers dried grains (DDG), Meat and bone meal (MBM), Poultry by-product meal 
(PBM) 
Apparent Amino Acid Availability (AAAA) 
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Table 15.  Apparent availability (%) of amino acids in the experimental diets fed to 
juvenile pompano (mean initial weight 50g) at 28 g/L salinity.  Values are the means of 
four replicates with SEM in parentheses. 
 
Indispensable Amino Acids REF DDG MBM PBM 
Arginine   88.3 (1.6) 84.1 (2.3) 82.9 (3.3) 82.8 (5.1) 
              
Histidine   84.4 (1.7) 76.7 (2.9) 72.7 (1.3) 75.2 (2.5) 
              
Isoleucine   84.0 (2.0) 78.7 (1.3) 75.0 (3.3) 74.3 (4.9) 
              
Leucine   88.0 (1.7) 85.6 (0.6) 82.1 (1.5) 82.2 (3.6) 
              
Lysine   85.4 (1.0) 79.2 (1.1) 73.0 (3.5) 78.7 (2.4) 
              
Methionine   87.7 (0.6) 85.2 (NA) 79.5 (1.1) 85.9 (NA) 
              
Phenylalanine   84.6 (1.6) 83.1 (1.7) 81.5 (2.3) 81.6 (2.9) 
              
Threonine   78.8 (2.8) 75.4 (2.4) 68.6 (3.6) 73.2 (4.1) 
              
Tyrosine   86.5 (1.6) 83.0 (1.1) 77.5 (2.1) 79.7 (3.2) 
              
Valine   85.8 (2.0) 78.5 (3.0) 81.1 (1.2) 79.1 (2.4) 
              
Dispensable Amino Acids REF DDG MBM PBM 
Alanine  84.6 (1.8) 82.4 (1.2) 80.7 (1.3) 77.7 (3.2) 
            
Aspartic Acid  75.5 (1.8) 73.1 (1.7) 64.5 (3.5) 67.0 (4.0) 
            
Cystine  67.3 (12.7) 77.5 (NA) 74.7 (4.3) 77.4 (NA) 
            
Glutamic Acid  82.5 (1.1) 82.2 (0.7) 78.1 (1.7) 78.7 (1.3) 
            
Glycine  73.9 (2.8) 69.2 (1.4) 68.9 (3.3) 67.7 (2.9) 
            
Proline  78.4 (2.4) 78.1 (0.9) 74.4 (1.8) 75.1 (1.4) 
            
Serine  77.8 (1.9) 78.2 (1.7) 68.2 (4.2) 74.1 (4.0) 
            
Mean AAAA (Diet) 82.0 79.4 75.5 77.1 
Reference (REF), Distillers dried grains (DDG), Meat and bone meal (MBM), Poultry by-product meal 
(PBM) 
Apparent Amino Acid Availability (AAAA) 
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Table 16.  Apparent availability (%) of amino acids in test ingredients used in 
experimental diets fed to juvenile pompano (mean initial weight 50g) at 28 g/L salinity.  
Values are the means of four replicates with SEM in parentheses. 
 
Indispensable Amino Acids DDG MBM PBM 
Arginine   68.1 (10.8) 81.1 (4.5) 75.4 (11.9) 
            
Histidine   45.3 (14.7) 62.8 (2.4) 51.3 (9.0) 
            
Isoleucine   57.1 (6.6) 69.0 (5.5) 56.4 (13.8) 
            
Leucine   77.4 (2.5) 80.4 (1.9) 69.8 (11.1) 
            
Lysine   46.1 (6.6) 68.9 (4.6) 65.8 (7.0) 
            
Methionine   75.6 (NA) 72.8 (2.0) 82.4 (NA) 
            
Phenylalanine   77.8 (7.8) 79.9 (3.4) 75.5 (8.8) 
            
Threonine   62.4 (11.4) 63.2 (5.5) 63.4 (11.3) 
            
Tyrosine   71.3 (4.9) 70.7 (3.6) 66.6 (9.5) 
            
Valine   51.0 (14.2) 78.8 (1.7) 68.4 (6.3) 
            
Dispensable Amino Acids DDG MBM PBM 
Alanine  75.8 (4.9) 80.0 (1.6) 67.6 (7.9) 
          
Aspartic Acid  62.0 (9.7) 61.8 (4.3) 50.0 (12.0) 
          
Cystine  104.1 (NA) 74.2 (8.2) 96.6 (NA) 
          
Glutamic Acid  81.1 (2.9) 77.4 (1.9) 71.3 (6.1) 
          
Glycine  53.6 (6.1) 68.0 (3.9) 62.6 (5.2) 
          
Proline  77.5 (2.9) 73.3 (2.3) 71.2 (3.2) 
          
Serine  79.7 (7.4) 63.6 (6.2) 67.6 (11.2) 
          
Mean AAAA (Ingredient) 68.6 72.1 68.4 
Reference (REF), Distillers dried grains (DDG), Meat and bone meal (MBM), Poultry by-product meal 
(PBM) 
Apparent Amino Acid Availability (AAAA) 
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Experiment 3:  Soybean Meal Substitution for Dietary Fishmeal  
 
The analyzed compositions (DM basis) of the experimental diets used in 
Experiment 3 are presented in Table 5.  Diets 1 through 6 correspond to the percent 
replacement of FM substituted with SBM (on an isonitrogenous basis), where Diet 1 is 
0% FM replacement and Diet 6 is 100% FM replacement.  Percent DM ranged from 96% 
in Diet 6 to 99% in Diet 2.  The GE and CP were 22 MJ/kg and 46% - 47%, respectively, 
among all six diets.  Ash content was near 10% in Diet 1 and this value decreased to a 
low of 8% in Diet 6.  The CL ranged from 17% in Diet 1 to 16% in Diet 3.  Crude lipid 
was lower in Diets 4 through 6 with values ranging from 12% - 13%.   
The whole body composition (DM basis) of juvenile pompano (mean initial 
weight 2.5g) fed increasing levels of SBM at 3 g/L salinity for 8 weeks are presented in 
Table 17.  The whole body compositions of fish sampled at the initiation of the 
experiment are included for reference.  The GE of whole body samples ranged from 23 
MJ/kg in fish fed Diet 6 to a significantly higher 25 MJ/kg in fish fed Diets 2 and 5.  
Whole body samples for CP ranged from 52% for fish fed Diets 1 and 6 to 48% in fish 
fed Diet 5, though no significant differences were detected.  The percent CL in whole 
body samples ranged from 33% (Diet 6) to 40% (Diet 4).  The ash content of whole body 
fish was similar for the initial fish (17%) and those fed Diet 6 (16%).  The ash content in 
fish fed Diet 6 was significantly higher than for fish fed Diets 1 - 5.  The whole body ash 
content for Diet 1 was significantly lower than for Diet 6 but significantly higher than the 
ash content for fish fed Diets 2 - 5.  The DM of whole body samples was approximately 
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30% for fish fed Diets 1 - 5.  Fish fed Diet 6 had significantly lower DM at 27%.  The 
HSI of the liver samples ranged from 1.5 in fish fed Diet 2 to 2.2 in fish fed Diet 5.   
The performance and nutrient utilization parameters for juvenile pompano (mean 
initial weight 2.5g) fed increasing levels of SBM substituted for dietary FM protein at 3 
g/L salinity for 8 weeks are presented in Table 18.  The mean final weight ranged from 
14g per fish (Diet 3) to 5g per fish (Diet 6).  Fish fed Diet 6 had significantly lower mean 
final weight than those fed Diets 1 - 5.  The ADG for pompano ranged from 0.2 g/day 
(Diets 1 - 5) to 0 g/day (Diet 6).  Fish fed Diet 6 had significantly lower ADG than those 
fish fed Diets 1 - 5.  The AFI for fish fed Diets 1 - 5 (20g to 16g diet) was significantly 
higher than the AFI for fish fed Diet 6 (13g diet).  The SGR among juvenile pompano 
ranged from about 3.0 %/day (Diets 1 - 5) to 0.9 %/day (Diet 6).  Pompano fed Diets 1 - 
5 had significantly higher SGR than pompano fed Diet 6.  Among juvenile pompano, the 
FE ranged from 0.6 (Diets 1 - 3) to 0.1 (Diet 6).  There were no significant differences 
detected for FE among fish fed Diets 1 - 6.  Among juvenile pompano, the PE ranged 
from 2.0 (Diet 1) to 0.4 (Diet 6).  The PE for fish fed Diets 1 - 5 was significantly higher 
than the PE for fish fed Diet 6.  The APR ranged from 30% (Diet 1) to 8% (Diet 6).  The 
APR values for fish fed Diets 1 - 5 were significantly higher than the APR for fish fed 
Diet 6.  Apparent energy retention ranged from 30% to 26% in fish fed Diets 1- 5.  These 
AER values were significantly higher than the AER value for fish fed Diet 6 (8%).  
Survival was not significantly different among fish fed Diets 1 - 5 (98% - 78%) but was 
significantly lower for fish fed Diet 6 (53%).  
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Experiment 4:  Soy Protein Isolate Substitution for Dietary Fishmeal   
 
The analyzed compositions (DM basis) of the SPI experimental diets used in 
Experiment 4 are presented in Table 6.  Diets 1 - 6 correspond to the percent replacement 
of FM protein substituted with SPI (on an isonitrogenous basis), where Diet 1 is 0% FM 
replacement and Diet 6 is 100% FM replacement.  Values for percent DM were 98% for 
Diets 1 - 4 and Diet 6.  In Diet 5, DM was 94%.  The GE was 22 MJ/kg for all six 
experimental diets.  The CP among Diets 1 - 5 was 47%.  The percent CP for Diet 6 was 
43%.  Ash content was 10% for Diet 1 and this value decreased with increasing 
substitution of SPI to 5% ash for Diet 6. 
The whole body compositions (DM basis) of juvenile pompano (mean initial 
weight 2.5g) fed increasing levels of SPI at 3 g/L salinity for 8 weeks are presented in 
Table 19.  The whole body compositions of fish sampled at the initiation of the 
experiment are included for reference.  The whole body GE of fish fed Diets 1 - 3 (24 
MJ/kg) was significantly higher than the GE values for fish fed Diets 4 - 6 (19 - 20 
MJ/kg).  The whole body CP ranged from 50% to 51% for fish fed Diets 1 - 3 and this 
value significantly increased to range from 59% to 61% CP in fish fed Diets 4 - 6.  Whole 
body CL values ranged from 37% to almost 39% in fish fed Diets 1 - 3.  The pompano 
fed Diets 4 - 6 had significantly lower whole body CL values (16% - 21%).  The whole 
body ash content was 12% among fish fed Diets 1 - 3 and this value increased 
significantly to 21% for fish fed Diets 4 - 6.  The percent DM ranged from 30% in fish 
fed Diets 1 - 3 to a significantly lower 22% for fish fed Diets 4 - 6.  The HSI of the liver 
samples ranged from 1.3 in fish fed Diet 4 to 2.1 in fish fed Diet 3.     
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The performance and nutrient utilization parameters for juvenile pompano (mean 
initial weight 2.5g) fed increasing levels of SPI substituted for dietary FM protein at 3 
g/L salinity for 8 weeks are presented in Table 20.  The mean final weight of juvenile 
pompano ranged from 15g (Diet 1) to 2.2g (Diet 4).  The mean final weights were 
significantly higher for fish fed Diets 1 - 3 than for fish fed Diets 4 - 6.  The ADG ranged 
from 0.2 g/day (Diets 1 and 2) to 0 g/day (Diets 4 - 6).  Apparent daily gain was 
significantly higher in fish fed Diets 1 - 3 than for fish fed Diets 4 - 6.  The AFI was 
significantly higher in fish fed Diets 1 – 3 (16g - 21g) than for fish fed Diets 4 – 6 (9g – 
10g).  The SGR was 2 - 3%/day for fish fed Diets 1 - 3 and the SGR significantly 
decreased to -0.1 – -0.3 %/day for fish fed Diets 4 - 6.  The FE and PE were significantly 
higher in fish fed Diets 1 - 3 than for fish fed Diets 4 – 6.  Significantly lower APR and 
AER were found for fish fed Diets 4 – 6 than for fish fed Diets 1 – 3.  Survival ranged 
from 98% to 80% for fish fed Diets 1 - 3.  Survival decreased significantly for those 
pompano fed Diets 4 - 6 (51% to 40%).   
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DISCUSSION 
Part I 
 
The results of Experiments 1 and 2 show the tested feed ingredients SBM, SPI, 
CGM, DDG, MBM, and PBM to be well digested by juvenile Florida pompano held in 
saltwater or low salinity recirculating systems.  The determination of ADCP, ADE, and 
AAAA for these feed ingredients will aid researchers and feed manufacturers in the 
substitution by such alternative protein sources for FM in practical, cost-effective feed 
formulations for pompano.   
The ADCP and ADE for the tested ingredients are presented with the apparent 
digestibility values reported for various fish species throughout the text in Tables 21 - 24.  
The ADCP and ADE for the test ingredients SBM and SPI in pompano were similar to 
apparent digestibility values for species reported in Tables 21 and 22.  For the test 
ingredient CGM, the ADCP and ADE observed for pompano was only slightly lower 
than the ADCP and ADE reported for Coho salmon, rainbow trout, and silver perch 
(Sugiura et al. 1998; Cho and Kaushik 1990; Allan et al. 1999; Cheng and Hardy 2003; 
Allan et al. 2000).  The ADCP reported for the test ingredients DDG, MBM, and PBM 
for other fish species were generally higher than those observed for pompano (Tables 23 
and 24).  Conversely, the ADE observed in pompano for DDG, MBM, and PBM 
compared more favorably with previous studies on various finfish.   
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Table 21.  The apparent digestibility of crude protein (ADCP) and energy (ADE) 
coefficients (%) for the feed ingredient soybean meal (SBM) for various fish. 
 
 
Feed Ingredient Fish Species IFN ADCP ADE Source 
SBM           
 Atlantic salmon NR 94.4 89.0 Glencross et al. 2004b 
      
 Chinook salmon NR 77.0 69.8 Hajen et al. 1993bb 
      
 Coho salmon 5-04-612 93.0 NR Sugiura et al. 1998b 
      
 Florida pompano 5-04-612 92.2 70.5 3 g/L Current studya 
  5-04-612 87.1 62.2 28 g/L Current studya 
  NR 79.0 NR Williams et al. 1985c 
      
 Gilthead sea bream NR 87.0 72.0 Lupatsch et al. 1997a 
      
 Rainbow trout 5-04-612 96.0 75.0 Cho and Kaushik 1990b 
  5-04-612 90.1 NR Sugiura et al. 1998b 
  NR 98.1 79.1 Cheng and Hardy 2003b 
  NR 99.0 83.3 Glencross et al. 2004b 
  NR 92.1 72.1 Glencross et al. 2005a 
      
 Red drum 5-04-612 86.1 63.3 Gaylord and Gatlin 1996a 
  5-04-604 80.2 37.8 McGoogan and Reigh 1996a 
  5-04-604 95.4 83.3 Allan et al. 1999b 
      
 Silver perch NR 94.8 78.0 Allan et al. 2000b 
      
IFN- International Feed Number 
NR- Not reported 
a Fecal collection by stripping 
b Fecal collection by passive/settlement technique 
c Fecal collection by dissection 
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With respect to salinity the ADCP and ADE for the test ingredients fed to 
pompano at 3 g/L salinity were slightly different from the same test ingredients at 28 g/L 
salinity.  The Latin square design utilized in Experiments 1 and 2 did not allow for a 
statistical test of salinity effects, though results indicate that differences in apparent 
digestibility may have been associated with salinity. A salinity effect was reported in the 
digestibility study with rainbow trout, where the apparent digestibility of organic matter, 
lipid, carbohydrate, and energy was significantly higher in diets fed to trout held in fresh 
water compared to salt water systems (Storebakken et al. 1998).  A higher apparent 
digestibility at low salinity was a trend generally true for Florida pompano though CGM 
(Table 22) and DDG (Table 23) were two notable exceptions.  The ADCP and ADE for 
CGM at 3 g/L and 28 g/L salinity were virtually identical in pompano however; ADCP 
and ADE for DDG at 3 g/L salinity was lower than the apparent digestibilities at 28 g/L.  
Reasons for the apparent dissimilarities associated with CGM and DDG are not 
immediately apparent, though other factors such as ingredient quality and composition 
may whole or in part explain the observed differences (to be further discussed).  Based on 
results in the current study and general interest in the culture of pompano in low saline 
waters, further research is needed to investigate the potential impact that salinity might 
have on feed ingredient nutrient digestibility for Florida pompano.   
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Table 22.  The apparent digestibility of crude protein (ADCP) and energy (ADE) 
coefficients (%) for the feed ingredients soy protein isolate (SPI) and corn gluten meal 
(CGM) for various fish. 
 
 
Feed Ingredient Fish Species IFN ADCP ADE Source 
SPI      
 Atlantic salmon NA 97.4 117.4 Glencross et al. 2004b 
      
 Chinook salmon NA 86.3 59.1 Hajen et al. 1993bb 
      
 Florida pompano NA 93.1 93.4 3 g/L Current studya 
  NA 85.0 78.1 28 g/L Current studya 
      
 Rainbow trout NA 97.8 93.1 Glencross et al. 2004b 
  NA 98.2 95.6 Glencross et al. 2005a 
            
CGM           
 Coho salmon 5-28-242 91.9 NR Sugiura et al. 1998b 
      
 Florida pompano 5-28-242 81.9 77.4 3 g/L Current studya 
  5-28-242 83.4 77.4 28 g/L Current studya 
      
 Rainbow trout 5-09-318 96.0 83.0 Cho and Kaushik 1990b 
  5-28-242 97.3 NR Sugiura et al. 1998b 
  5-28-242 97.7 96.4 Allan et al. 1999b 
  NR 87.4 80.0 Cheng and Hardy 2003b 
      
 Silver Perch NR 95.4 104.5 Allan et al. 2000b 
      
IFN- International Feed Number 
NA- Not available 
NR- Not reported 
a Fecal collection by stripping 
b Fecal collection by passive/settlement technique 
 73
The information in Tables 21 - 24 is meant to illustrate several factors that are 
known to influence the apparent digestibility of feed ingredients.  The first of these is 
species variation.  In a study that compared the apparent digestibility of several lupin and 
soybean proteins fed to Atlantic salmon and rainbow trout, Glencross et al. (2004) 
elucidated the significant differences that exist between the two species with respect to 
their ability to digest certain plant proteins.  It is for this reason that species-specific 
digestibility data should be utilized whenever possible in the formulation of practical 
diets (Glencross et al. 2004). 
The method of fecal collection is another factor influencing the differences in 
reported values for apparent digestibility of feed ingredients between fish species.  Fecal 
collection by stripping was the preferred method for the current two digestibility studies 
for three reasons.  First, the substitution of plant based ingredients with relatively high 
carbohydrate levels tends to increase the water content of feces (Glencross et al. 2005).  
The increased water content may render feces highly soluble and likely to lose integrity 
as soon as it is eliminated from fish, leading to a lowered nutrient content of the feces and 
overestimated digestibility values (Glencross et al. 2005).  Salinity was another reason for 
choosing the stripping method over passive/settlement methods.  The concern was that 
with respect to the salt water systems, the concentration of collected feces might be 
diluted due to the amount of salt in dried feces (Hajen et al. 1993a).  Lastly, the stripping 
technique allowed for the collection of feces from several fish at once, providing a more 
representative sample of the population (Austreng 1978).   
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Table 23.  The apparent digestibility of crude protein (ADCP) and energy (ADE) 
coefficients (%) for the feed ingredients distillers’ dried grains (DDG) and meat and bone 
meal (MBM) for various fish. 
 
Feed Ingredient Fish Species IFN ADCP ADE Source 
DDG           
 Florida pompano 5-28-235 54.0 63.5 3 g/L Current studya 
  5-28-235 60.5 66.2 28 g/L Current studya 
      
 Rainbow trout 5-02-844 85.0 51.0 Cho and Kaushik 1990b 
            
MBM           
 Florida pompano 5-00-388 63.3 66.3 3 g/L- Current studya 
  5-00-388 61.5 64.9 28 g/L- Current studya 
      
 Rainbow trout 5-09-321 85.0 85.0 Cho and Kaushik 1990b 
  NR 83.0 68.0 Bureau et al. 1999b 
  NR 87.0 73.0 Bureau et al. 1999b 
      
 Red drum 5-00-388 74.1 54.1 McGoogan and Reigh 1996a 
  5-09-322 78.9 86.0 Gaylord and Gatlin 1996a 
  NR 69.7 71.4 Stone et al. 2000b 
      
 Silver perch NR 71.5 75.2 Allan et al. 2000b 
            
IFN- International Feed Number 
NR- Not reported 
a Fecal collection by stripping 
b Fecal collection by passive/settlement technique 
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Table 24.  The apparent digestibility of crude protein (ADCP) and energy (ADE) 
coefficients (%) for the feed ingredient poultry by-product meal (PBM) for various fish. 
 
 
Feed Ingredient Fish Species IFN ADCP ADE Source 
PBM           
 Chinook salmon NR 84.9 72.4 Hajen et al. 1993bb 
  NR 74.4 65.4 Hajen et al. 1993bb 
      
 Coho salmon 5-03-798 94.2 NR Sugiura et al. 1998b 
      
 Florida pompano 5-03-798 71.7 75.9 3 g/L- Current studya 
  5-03-798 67.4 72.1 28 g/L- Current studya  
      
 Rainbow trout 5-03-798 68.0 71.0 Cho and Kaushik 1990b 
  NR 64.4- 77.7* NR Dong et al. 1993a 
  NR 68.2 NR Riche et al. 1995c 
  5-03-798 95.9 NR Sugiura et al. 1998b 
  NR 87.0 77.0 Bureau et al. 1999b 
  NR 91.0 87.0 Bureau et al. 1999b 
      
 Red drum 5-03-798 48.7 71.7 Gaylord and Gatlin 1996a 
      
            
IFN- International Feed Number 
NR- Not reported 
a Fecal collection by stripping 
b Fecal collection by passive/settlement technique 
c Fecal collection by dissection 
* Range is from five sources of PBM 
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Concerns regarding frequent handling, stress to fish, and contamination of feces 
from non-fecal material (Hajen et al. 1993a; Spyridakis et al. 1989) were minimized in 
the current experiments by handling fish only twice a week, anesthetizing the fish, rinsing 
the rectal area with DI water, and carefully blotting the area with a towel prior to sample 
collection. 
Other methods of fecal collection have been utilized including passive/settlement 
techniques, dissection, and anal suction (Sugiura et al. 1998; Williams et al. 1985; 
Spyridakis et al. 1989).  No method is without some error (Austreng 1978; Hajen et al. 
1993a) and such differences in fecal collection between digestibility studies make direct 
comparisons difficult.  Therefore it is important that reports of apparent digestibility 
coefficients include the fecal collection method in order to facilitate the proper 
adjustments of error in practical feed formulations.  
A third factor affecting apparent digestibility is ingredient composition.  
Differences in the origin, source, soil, and climate of a single feed ingredient are just a 
few of the many factors that can affect the nutrient composition of the feed ingredient and 
subsequently, its digestibility in fish and other organisms.  Similarly ingredient quality 
and the method (s) of processing and drying will also vary the nutrient composition of 
feed ingredients (Gaylord and Gatlin 1996).  Williams et al. (1985) reported an ADCP of 
79% for SBM in diets fed to pompano, which was lower than the ADCP observed in the 
present study (Table 21).  The de-hulled SBM used by Williams et al. was lipid-extracted 
in-house, whereas the SBM utilized in the present study was commercially manufactured.  
The difference in processing might have changed the nutrient composition of the SBM 
which might explain the differences in apparent digestibility between the two studies.  
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With respect to plant based feed ingredients, methods of processing such as de-hulling 
and solvent-extraction remove indigestible material such as fiber from feed ingredients 
rendering them generally more digestible to fish (Glencross et al. 2005).  Though 
processed proteins in most feed ingredients are already highly digestible by fish (NRC 
1993), further processing produces concentrates and isolates that contain even higher 
amounts of digestible protein (Glencross et al. 2005).  These concentrates and isolates 
have a high CP content (72% - 92%, respectively; Hertrampf and Piedad-Pascual 2000) 
and are generally even more digestible by fish as the comparison between apparent 
digestibilities of SBM (Table 21) with those reported for SPI (Table 22) has shown.  The 
values for ADCP tend to be higher in feed ingredients with high protein content (>60%) 
and low crude fiber (CF; <2%) (McGoogan and Reigh 1996) and this trend might explain 
the low ADCP value for DDG observed in the current study, as DDG had the lowest 
dietary CP content (36%) among the tested feed ingredients and the highest CF content 
(12%).  Removal of fiber and carbohydrate components from plant-based feed 
ingredients increased the apparent nutrient digestibility in rainbow trout (Glencross et al. 
2005; Kaushik et al. 1995; Refstie et al. 1998) and in pompano, considerably increased 
the ADE of SBM and SPI (Table 21 and 22).  It has been suggested that the benefits of 
the removal of carbohydrates from feed ingredients may be species-specific as dietary 
incorporation (10% and 20%) of cellulose in experimental diets had no effect on protein 
digestibility in diets fed to European seabass (Dias et al. 1998).   
With respect to animal by-product feed ingredients, the composition, freshness of 
raw material, and cooking/ drying processes may have significant effects on the 
nutritional quality of the feed ingredient (Bureau et al. 1999; Yang et al. 2004).  Hajen et 
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al. (1993b) concluded the ADCP of fish meals and animal by-product meals fed to 
Chinook salmon were mostly determined by the processing and drying methods used 
during preparation.  Variations in freshness of raw materials are particularly important for 
animal by-product feed ingredients due to the fair amount of protein degradation and 
rancidity that quickly occurs in animal by-products (Flick et al. 1990).  Generally the 
ADCP and ADE of DDG, MBM and PBM for pompano were lower than those observed 
for SBM, SPI, and CGM which is in agreement with Hajen et al. (1993b) who also found 
high ADCP and ADE in high protein plant ingredients compared to animal by-product 
ingredients.  Gaylord and Gatlin (1996) found animal by-product meals to be well 
digested by red drum with the exception of PBM and this was attributed to a bad batch of 
the feed ingredient.  Dong et al. (1993) assessed the chemical composition and protein 
digestibility of PBM from several manufacturers and illustrated the breath of variability 
that can be found among by-product feed ingredients. The differences among the 
rendering and processing techniques of by-product ingredients make the comparisons and 
inferences between studies challenging.     
Species variation, fecal collection method, and ingredient composition are merely 
a few of the factors that vary from one digestibility study to another.  Other factors 
include differences in experimental design, experimental conditions, size/age of fish 
utilized, and type of indigestible marker used.  Additionally, variation is known to exist 
between fresh water and salt water species and between warm water and cold water 
species (NRC 1993).  
The lower digestibility of some plant based feed ingredients reported in previous 
studies has been attributed to the chemical composition and quantity of carbohydrates 
 79
(CHO) (Allan et al. 2000; McGoogan and Reigh 1996).  Despite this high ADE of some 
plant feed ingredients such as SBM (37% CHO) have been reported, leading researchers 
to conclude that digestibility of carbohydrates by red drum may vary widely among plant 
ingredients (McGoogan and Reigh 1996).  It is unclear whether the variation in apparent 
digestibility among SBM, SPI, and CGM for pompano was due to the CHO content as 
the apparent digestibility of carbohydrates was not quantified.   
The AAAA determined for SBM, SPI, and CGM was over 90% among most of 
the amino acids at 3 g/L salinity.  The AAAA for the test ingredients, SBM, SPI, and 
CGM at 3 g/L salinity were similar to previous work with gilthead seabream, rainbow 
trout, and silver perch (Lupatsh et al. 1997; Allan et al. 2000; Cheng and Hardy 2003).  
The AAAA determined for SBM, SPI, and CGM appeared lower at 28 g/L salinity 
though no statistical analysis was conducted.  Lupatsch et al. (1997) found AAAA for 
feed ingredients such as SBM and poultry meal to vary significantly from ADCP for 
gilthead seabream.  It was concluded that the AAAA should not be estimated from ADCP 
(Lupatsch et al. 1997).  A similar conclusion was reached by Allan et al. (2000) who 
determined nutrient digestibilities among various feed ingredients for silver perch.  In 
Experiment 2, the AAAA for His and Lys were especially low for DDG (45% and 46%, 
respectively) at 28 g/L salinity.  Similarly, the AAAA for Ile, Lys, and Met were all 
below 41% at 3 g/L salinity.  Allan et al. (2000) reported low AAAA of Gly, Pro, and 
Cys for MBM (67%, 70%, and 68%, respectively).  The AAAA values for MBM 
reported by Allan et al. (2000) were generally higher than those reported in the current 
study at 3 g/L salinity.  Dong et al. (1993) reported Met and Phe to be the limiting IAA in 
AAAA of PBM in diets fed to juvenile rainbow trout.  The results shown in Tables 13 - 
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16 suggest that the use of ADCP values to predict individual AAAA may not be valid for 
by-product feed ingredients fed to juvenile Florida pompano.  As the AAAA may 
contribute to the nutritional quality of a given feed ingredient (Gaylord and Gatlin 1996), 
a more accurate test to estimate amino acid digestibility is clearly needed.  The variation 
observed among AAAA for the test ingredients coupled with sporadically large standard 
errors made the identification of trends difficult to determine.   
Several assumptions are made when determining apparent digestibility.  One 
assumption is that the digestibility coefficients of feed ingredients are additive.  This 
allows for the calculation of apparent nutrient digestibility in formulated diets by merely 
adding the energy and nutrient digestibilities of the feed ingredient components (Cho and 
Kaushik 1990).  The assumption of additivity is invalidated if there are interactions 
among feed ingredients or if the inclusion levels of a feed ingredient change its 
digestibility (Glencross et al. 2007).  The assumption of additivity has been validated in 
studies with silver perch (Allan et al. 1999) and gilthead seabream (Lupatsch et al. 1997).  
Conversely, Riche and Brown (1999) concluded the apparent phosphorus availability in 
SBM, canola, and peanut meal was not additive in diets fed to rainbow trout.  With 
respect to ADCP and ADE at 3 g/L and 28 g/L salinity, the results of the present two 
studies appear to validate the additivity assumption, as test ingredients with nutrient 
digestibility coefficients greater than the REF diet increased the nutrient digestibility 
coefficients of their respective experimental diets (Tables 7 and 12).   
Another assumption is that digestibility coefficients will range between 0% and 
100% (Glencross et al. 2007).  This is not always true, as poor mixing of the marker in 
the diet, analytical errors associated with markers and nutrients, interactions between 
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ingredients, or non-representative samples of the diet or feces may give erroneously high 
or low digestibility coefficients (Glencross et al. 2007; Allan et al. 2000).  In the present 
two digestibility experiments, the ADCP and ADE for the test ingredients and 
experimental diets at the two salinities were between 0% and 100% (Tables 7 and 12).  
This was not the case for some values for AAAA; though none were overly low (<20%), 
for some amino acids the apparent availability was over 100% (Tables 9, 11, and 16).  
Any of the above could account for overly high AAAA therefore a more sensitive method 
of estimation is perhaps needed in the determination of AAAA.  Additionally, the 
digestibility coefficient values determined in both experiments was ‘apparent’ rather than 
‘true.’  Apparent digestibility does not account for any endogenous material or by-
products of metabolism such as intestinal cells, enzyme secretions, conjugated bile acids, 
etc. (NRC 1993; Riche pers. comm.).  Given the relatively high metabolic rate of 
pompano there is the possibility that these endogenous losses are considerable and worth 
further study.   
A final assumption is that the collected feces will be an accurate representation of 
feces excreted over time (Glencross et al. 2007; Allan et al. 2000).  This assumption may 
be difficult to validate conclusively, though in the present study the duration of the 
experiment, number of replicates, and relatively small standard error associated with 
ADCP and ADE coefficients was deemed sufficient to validate the assumption that the 
fecal samples collected were an accurate representation of the population over time. 
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Nutrient digestibility data for alternative feed ingredients are necessary for the 
development of least-cost feed formulations for any cultured species.  Formulations based 
on digestibility data reduce the environmental impact from aquaculture systems as the 
diet is better utilized by fish.  This study to determine the nutrient digestibility of six feed 
ingredients by juvenile Florida pompano demonstrates that SBM, SPI, CGM, DDG, 
MBM, and PBM are well digested by juvenile pompano; the apparent digestibility of 
these feed ingredients appears to vary with respect to salinity, and the AAAA for the feed 
ingredients are highly varied indicating that a better method is needed to estimate AAAA 
for feed ingredients.   
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 Part II 
 
The results of Experiments 3 and 4 clearly demonstrate the potential of SBM and 
SPI as partial replacements for FM protein on an isonitrogeneous basis in diets fed to 
juvenile Florida pompano held in low salinity recirculating systems.  This previously 
unreported information will aid researchers and feed manufacturers in the development of 
least-cost feed formulations for this species. 
In Experiment 3 the whole body composition of juvenile pompano fed the 
reference (0% replacement) diet was similar to pompano fed diets containing 20% to 
80% FM replacement with SBM.  An increase in whole body lipid and GE content is 
typically associated with increased replacement of FM (Kaushik et al. 2004) and though 
this was not observed in pompano fed Diet 6 (100%), significantly higher CL was noted 
in fish fed Diets 4 and 5 (60% and 80%).  This is in contrast to studies with African 
catfish where no significant difference in whole body CP, ash, or GE was reported in fish 
fed 75% and 100% FM replacement with SBM (Goda et al. 2007).  Whole body 
composition of gilthead seabream was also unaffected by SBM (20% – 40%) substituted 
for FM (Venou et al. 2006) though inclusion levels beyond 40% may have shown 
significant differences. The significantly lower GE and DM coupled with proportionally 
higher CP and ash in whole body fish fed Diet 6 suggest that pompano were utilizing 
available lipid stores and dietary energy for metabolic processes.   
In Experiment 4 the whole body composition of juvenile pompano fed the 
reference diet was similar to pompano fed diets containing 20% to 40% replacement of 
FM for SPI.  For pompano fed Diets 4 – 6 (60% - 100%) significantly lower GE, CL, and 
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DM coupled with higher CP and ash content suggest that energy inputs from the diet and 
available lipid stores were being fully utilized by the pompano.     
There were no significant differences detected among fish fed the reference diet 
(0%) and those fed 20% to 80% replacement of FM with SBM with respect to growth, 
nutrient utilization, and efficiency.  These results are similar to those reported by Venou 
et al. (2006) who found SGR to be unaffected by SBM substitution for FM (20% – 40%) 
in diets fed to gilthead seabream.  Conversely, Krogdahl et al. (2003) observed a gradual 
decrease in SGR as dietary SBM levels increased (10% - 35%) in diets fed to Atlantic 
salmon.  Similarly, Biswas et al. (2007) also reported reduced SGR and WG when 30% 
of dietary FM was replaced with SBM in diets fed to red seabream.  In Experiment 4 no 
significant differences in performance, nutrient utilization, or efficiency was detected 
among fish fed the 0% to 20% FM replacement for SPI.  Beyond 20% FM replacement 
the performance parameters decreased significantly as an apparent threshold was reached 
at 40% FM replacement.  The performance, nutrient utilization, and efficiency parameters 
in pompano fed the 60%, 80%, and 100% FM replacement diets were significantly lower 
than for fish fed the 40% FM replacement diet.   
While soy based feed ingredients have been successfully replaced in FM based 
diets fed to African catfish, Atlantic cod, Atlantic salmon, rainbow trout (Goda et al. 
2007; Albrektsen et al. 2006; Glencross et al. 2004; Kaushik et al. 2004) the percent 
inclusion level varies as the ability of different species to utilize plant protein sources 
such as SBM is often species-specific (Glencross et al. 2004; Goda et al. 2007).  
Additionally, differences in experimental conditions, fish age/size, and experimental 
design among different studies can also affect the inclusion level tolerated by fish.   
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The regression equations of the tested performance parameters as the response 
(Y) and % FM replacement as treatment factors (x) for Experiments 3 and 4 are presented 
in Tables 25 and 26, respectively.  The affect of increasing levels of SBM or SPI was 
significant for all response variables tested.  For the performance responses in 
Experiment 3 and 4, the quadratic model yielded the best-fit (R2 > 0.7) and the resulting 
curve fit the data reasonably well.  
 
Table 25.  Best-fit regression models of performance responses (Y) of juvenile Florida 
pompano (mean initial weight 2.5g) fed diets with increasing levels of SBM (x) replacing 
fishmeal protein at 3 g/L salinity for 8 weeks.   
 
Performance Parameters* Regression Analysis Equations R2** 
Apparent Daily Gain (g/day) Y = -3.571E-005x2 + 0.002293x + 0.1746 0.8731 
Apparent Feed Intake (g) Y = -0.002172x2 + 0.1841x + 16.39 0.8551 
Specific Growth Rate (%/day) Y = -0.0004390x2 + 0.02772x + 2.754 0.8450 
Feed Efficiency  Y = -6.640E-005x2 + 0.002719x + 0.5922 0.7477 
Protein Efficiency Y = -0.0001964x2 + 0.007680x + 1.772 0.7646 
Apparent Protein Retention (%) Y = -0.002716x2 + 0.08815x + 28.47 0.7594 
Apparent Energy Retention (%) Y = -0.004077x2 + 0.2367x + 28.02 0.7321 
Survival (%)   Y = -0.01189x2 + 0.9225x + 79.33 0.7059 
* Performance parameter values are the means of four replicates 
** Coefficient of determination 
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Table 26.  Best-fit regression models of performance responses (Y) of juvenile Florida 
pompano (mean initial weight 2.5g) fed diets with increasing levels of SPI (x) replacing 
FM protein at 3 g/L salinity for 8 weeks. 
 
Performance Parameters* Regression Analysis Equations R2** 
Apparent Daily Gain (g/day) Y = 2.210e-005x2 - 0.004781x + 0.2405 0.8920 
Apparent Feed Intake (g) Y = 0.0007000x2 - 0.2083x + 21.86 0.8624 
Specific Growth Rate (%/day) Y = 0.0001155x2 + 0.01204x + 0.2560 0.8727 
Feed Efficiency  Y = 4.565e-005x2 - 0.01207x + 0.6630 0.8823 
Protein Efficiency Y = 0.0001294x2 - 0.03503x + 1.938 0.8815 
Apparent Protein Retention (%) Y = 0.002347x2 - 0.5690x + 31.29 0.8871 
Apparent Energy Retention (%) Y = 0.002774x2 - 0.6842x + 35.86 0.9072 
Survival (%)   Y = 0.0008929x2 - 0.7661x + 103.6 0.8465 
* Performance parameter values are the means of four replicates 
** Coefficient of determination 
 
As a common feed ingredient in aquaculture diets, the qualities of SBM with 
respect to amino acid profile, CP content, wide availability, and low cost compared to 
FM are well-known (Gatlin et al. 2007).  Additionally, the relatively high (>90%) ADCP 
and ADE (>70%) by juvenile Florida pompano for SBM established in Experiment 1 
adds to the potential of SBM as a replacement for FM protein.  Soy protein isolate also 
possesses favorable qualities as an alternative feed ingredient.  Its qualities include a 
good amino acid profile and higher CP content (89%) compared to SBM (47%).  The 
processing of SPI removes virtually all of the nitrogen free extract (NFE) and fiber from 
the ingredient (Table 1) making more of it potentially available to fish as NFE and CF are 
less digested by fish species (NRC 1993).  Also the relatively high (>92%) ADCP and 
ADE (>93%) by pompano for SPI shown in Experiment 1 make SPI a favorable potential 
replacement for FM protein.  Reasons for the limited research on performance and 
nutrient utilization studies with SPI are due to the relatively new introduction of this feed 
ingredient and that SPI is not yet economically feasible for full-scale production (Gatlin 
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et al. 2007).  While SBM and SPI possess those qualities which make them potential 
alternative feed ingredients for FM, they are of limited use if they negatively affect whole 
body composition, nutrient utilization, or efficiency (Glencross et al. 2007).  Therefore 
the objectives of Experiments 3 and 4 were to not only determine the maximum inclusion 
of those feed ingredients for replacement in diets fed to juvenile pompano but to 
determine effects of increased inclusion of SBM and SPI with respect to the 
aforementioned parameters.   
Feed efficiency is an important parameter used by culturists to determine the 
relative costs for growth in an organism (Webber and Riordan 1976).  Models generated 
from regression analyses allow feed manufacturers and culturists to estimate performance 
parameters such as maximum growth and/or maximum feed efficiency.  From 
Experiment 3 regression plots of FE and PE are presented in Figure 1 and a regression 
plot of SGR is presented in Figure 2.  For Experiment 4 a regression plot of FE and PE is 
presented in Figure 3 and SGR is presented in Figure 3.  These plots provide an 
illustration of the maximum growth and efficiency that is predicted for juvenile pompano 
fed SBM or SPI at 3 g/L salinity.  
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Figure 1.  Feed efficiency (FE) and protein efficiency (PE) in juvenile Florida pompano 
as a function of the % of fishmeal (FM) protein replaced with soybean meal (SBM).  
Dotted lines indicate 95% confidence intervals. 
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Figure 2. Mean specific growth rate (SGR) of juvenile Florida pompano as a function of 
the % of fishmeal (FM) protein replaced with soybean meal (SBM).  Dotted lines indicate 
95% confidence intervals. 
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Figure 3.  Feed efficiency (FE) and protein efficiency (PE) by juvenile Florida pompano 
as a function of the % of fishmeal (FM) protein replaced with soy protein isolate (SPI).  
Dotted lines indicate 95% confidence intervals. 
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Figure 4. Mean specific growth rate (SGR) by juvenile Florida pompano as a function of 
the % of fishmeal (FM) protein replaced with soy protein isolate (SPI).  Dotted lines 
indicate 95% confidence intervals. 
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Several factors might account for the significantly low values with respect to 
whole body composition, performance, nutrient utilization, and efficiency observed in 
fish fed 100% FM replacement of SBM in Experiment 3 and similar decreases in fish fed 
greater than 60% FM replacement of SPI.  These factors include palatability of the 
experimental diet, the presence of anti-nutritional factors (ANF), or a deficiency in one or 
more amino acids.  In Experiment 4, the increased inclusion of cellulose in Diets 4 – 6 
may also explain the significantly low values observed in fish fed those diets compared to 
fish fed Diets 1 - 3.   
Palatability is an important factor to consider when evaluating alternative feed 
ingredients for replacement of FM.  The significant reduction in AFI observed in 
Experiment 3 for fish fed Diet 6 (100% FM replacement) and for fish fed Diets 4 – 6 
(60% - 100% FM replacement) in Experiment 4, suggest that pompano found the diets to 
be unpalatable at those inclusion levels.  Further evidence to support this conclusion is 
found in the significantly reduced GE and CL observed in whole body samples for fish 
fed Diet 6 (Experiment 3) and Diets 4 – 6 (Experiment 4) coupled with significantly 
lowered values for all performance parameters tested in both experiments.  Fish fed Diet 
6 in the SBM study and fish fed Diets 4 - 6 in the SPI study demonstrated diminished 
feeding activity and near the end of the trial, refused the experimental diets completely.  
The use of feed attractants may be necessary for the development of formulated diets 
with high inclusion levels of SBM or SPI.  Research to evaluate the potential of such feed 
attractants is warranted.  
Various antinutritional factors such as protease inhibitors, lectins, phytate, 
phytoestrogens, antivitamins, allergens, and saponins are known to be present in SBM 
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(Francis et al. 2001).  Antinutritional factors have been implicated in the reduced 
digestibility, growth, efficiency, and nutrient utilization of several species including 
American lobster and rainbow trout (Floreto et al. 2000; Thiessen et al. 2003).  Further 
study is needed to identify and determine the relative concentration of various ANFs that 
can be found in soy-based protein ingredients and their effect(s) on pompano 
performance and nutrient utilization. 
The results of Experiment 3 demonstrate that juvenile Florida pompano will 
tolerate up to 80% replacement of FM protein with SBM at 3 g/L salinity with no 
significant effects with respect to whole body composition, performance, or nutrient 
utilization.  Further study is needed to determine if pompano will grow to market size on 
a SBM-based diet.  The results of Experiment 4 indicate that SPI can replace up to 40% 
of dietary FM protein in diets fed to juvenile Florida pompano at 3 g/L salinity with no 
significant effects with respect to whole body composition, performance, or nutrient 
utilization.  Further research is needed to determine if the supplementation of feed 
attractants improves the performance, nutrient utilization, and efficiency of juvenile 
pompano fed SPI based diets. 
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CONCLUSION 
 
The results of the first two experiments indicate that SBM, SPI, CGM, DDG, 
MBM, and PBM are well digested by juvenile Florida pompano. The AAAA for these 
feed ingredients indicate that a better method is needed to estimate AAAA for feed 
ingredients fed to pompano.  The determination of nutrient digestibility for alternative 
feed ingredients is necessary for the development of least-cost feed formulations for this 
species.  Formulations based on apparent digestibility data reduce the environmental 
impact from aquaculture systems and reduce the cost of aquafeeds.   
The results of the second two experiments indicate that SBM can replace up to 
and including, 80% of dietary FM protein in diets fed to juvenile Florida pompano at 3 
g/L salinity with no significant effects associated with whole body composition and the 
tested performance parameters.  The results also indicate that SPI can replace up to 40% 
of dietary FM protein in diets fed to juvenile Florida pompano at 3 g/L salinity with no 
significant effects with respect to whole body composition and the tested performance 
parameters.   
The information from these experiments will aid researchers and feed 
manufacturers in the formulation of nutritionally balanced, biologically available diets for 
Florida pompano.  The apparent nutrient digestibility and nutrient utilization information 
determined at low salinity will aid in quantifying the potential for commercial pompano 
culture in low saline inland waters. 
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APPENDIX. Florida pompano (Trachinotus carolinus) illustration, feeding 
schedules, and recirculating systems 
 
Figure A1.  Florida Pompano- Fish and Wildlife Research Institute (Florida Fish and 
Wildlife Conservation Commission 
(http://research.myfwc.com/images/subcategories/4689_4201.gif) 
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Table A1. Feeding schedule for the plant-based digestibility experiment.  The 
experimental diets are organized in a Latin square design with Week and Tank as the two 
block effects and the diets as the treatment effect. 
 
 
   Tank   
 Week 1 2 3 4 
 1 REF CGM SPI SBM 
3 g/L 2 SBM REF CGM SPI 
Salinity 3 SPI SBM REF CGM 
  4 CGM SPI SBM REF 
      
   Tank   
 Week 1 2 3 4 
 1 REF CGM SPI SBM 
28 g/L 2 SBM REF CGM SPI 
Salinity 3 SPI SBM REF CGM 
  4 CGM SPI SBM REF 
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Table A2. Feeding schedule for the by-product based digestibility experiments.  The 
experimental diets are organized in a Latin square design with Week and Tank as the two 
block effects and the diets as the treatment effect. 
 
 
   Tank   
 Week 1 2 3 4 
 1 REF DDG MBM PBM 
3 g/L 2 PBM REF DDG MBM
Salinity 3 MBM PBM REF DDG 
  4 DDG MBM PBM REF 
       
    Tank   
 Week 1 2 3 4 
 1 REF DDG MBM PBM 
28 g/L 2 PBM REF DDG MBM
Salinity 3 MBM PBM REF DDG 
  4 DDG MBM PBM REF 
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